Understanding the design of breathing exercise games by Patibanda, S
  
 
 
 
 
 
 
 
 
UNDERSTANDING THE DESIGN OF BREATHING 
EXERCISE GAMES 
 
 
 
A thesis submitted in fulfilment of the requirements for the degree of Master of Design 
 
 
 
 
 
Satya Sai Rakesh Bharadwaj Patibanda 
Bachelor of Technology (Electronics and Communications Engineering) 
 
 
 
 
 
 
School of Media and Communication 
College of Design and Social Context 
RMIT University 
 
August 2017 
 
 
 
 
 
 
 a 
Declaration 
 
I certify that except where due acknowledgement has been made, the work is that of the 
author alone; the work has not been submitted previously, in whole or in part, to qualify for 
any other academic award; the content of the Master’s thesis is the result of work which has 
been carried out since the official commencement date of the approved research program; 
any editorial work, paid or unpaid, carried out by a third party is acknowledged; and, ethics 
procedures and guidelines have been followed. 
 
 
 
Satya Sai Rakesh Bharadwaj Patibanda 
 
07 August 2017 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
“Breathing easily and fully is one of the basic pleasures of being alive.”  
 
- Alexander Lowen, The Voice of the Body (Lowen 2005) 
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 V 
Abstract 
 
 
For leading a healthy life, regular breathing exercises can be beneficial. Digital 
games may have the potential to help people practice breathing exercises in an engaging 
way. However, not much understanding exists to design such breathing exercise games. To 
contribute to such an understanding, I created three Virtual Reality (VR) prototype games 
that used breathing as the primary control mechanism. I selected virtual reality head-
mounted display technology because it allows players to focus on the virtual environment 
and limit external distractions, which is beneficial for breathing exercises. I conducted a 
formal analysis of gameplay on my three prototypes to develop my final game Life Tree. 
Life Tree is a single player VR game in which a player controls the growth of a virtual tree 
by practicing pursed-lip breathing technique. Thirty-two participants were interviewed and 
filled out a questionnaire after playing Life Tree. Analysis of the data identified four key 
themes of affecting the experience of participants: 1) Designing Breathing Feedback; 2) 
Increasing Self-awareness of Breathing and Body; 3) Facilitating Focused Immersion and, 
4) Engagement with Breathing Hardware. I used these themes to articulate a set of breathing 
exercise game design strategies. Game designers may consider these design strategies to 
develop engaging breathing exercise games. 
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Chapter 1 : Introduction 
 
1.0 Overview 
 
In Chapter 1, I introduce my research: Understanding the Design of Breathing Exercise 
Games. I give a description of my project in 1.1, discuss the background that informed my 
research question in 1.2, introduce my research methods in 1.3 and rationale in 1.4. I also 
articulate the contributions I make to game design practice and research in 1.5.   
1.1 Project Description 
 
I designed Life Tree, an interactive virtual reality game, which helps players practice 
pursed-lip breathing. Pursed-lip breathing is an exercise widely used by doctors specialised 
in the treatment of breathing-related disorders such as asthma (Breslin 1992) as well, the 
technique is believed to contribute to general well-being (Leskovšek 2012; Van der Schans 
et al. 1995). Pursed-lip breathing exercise involves inhaling through the nose and exhaling 
through the mouth with lips pressed together, i.e. pursed-lips (Breslin 1992). 
 
As shown in figure 2, Life Tree should be played sitting down in a cross-legged position 
with the player wearing a Virtual Reality (VR) head-mounted display and “Breathing+”, the 
hardware , designed by Breathing Labs (Leskovsek 2015). Breathing + is a headset that has 
been designed to support the development of interactive media applications. It helps users 
practice pursed-lip breathing exercises. Breathing+ is a headset technology that can be 
connected to the 3.5 mm headset jack of either a smartphone or desktop computer. The 
microphone in front of the player’s mouth (shown in figure 2) helps calculate the exhalation 
time of the players. The Virtual Reality (VR) head-mounted display uses a smartphone with 
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the Breathing+ headset attached to the unit via a 3.5 mm audio jack. I used a smartphone as 
the hardware platform to design and develop Life Tree because of its portability 
(Mahatanankoon et al. 2005).  
 
 
Figure 1. The view of participants playing Life Tree while wearing the head-mounted display. 
 
Life Tree is a single player VR game in which players control the growth of a tree 
(shown in figure 1) by practicing pursed-lip breathing rhythmically i.e., inhaling and 
exhaling for the same about of time (should be at least 3 seconds of inhalation and 
exhalation). Changes in the structure of the tree and surrounding environment provide 
players with feedback about their breathing pattern i.e., the rhythm of their breathing. The 
objective of the game is to practice pursed-lip breathing rhythmically in order to nurture the 
growth of the tree and surrounding environment. 
 
The overall design of Life Tree provides players with an environment in which they can 
practice pursed-lip breathing in an engaging way. Further, Life Tree has also been designed 
to nudge players into the right body posture by providing interactive visual feedback such as 
an animation of the tree getting submerged into water before they start playing the game. 
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Figure 2. Participants wearing the head-mounted display and Breathing + headset sit down in a cross-legged position to 
play life tree. 
 
Life Tree 
I designed the Life Tree in Unity 3D, which is a game engine and I used Maya, a 3D 
modelling and animation tool to design and animate the 3D model of the tree. Manipal Singh, 
an intern at GoLive Gaming Studios, India, helped program the game using my technical 
specifications (see Appendix A). Roshan Verneker, from Artashastra Studios under my art 
direction helped design the 3D model of the tree used in Life Tree. I designed the interactive 
multimedia environments and the breathing feedback that helped players practice pursed-lip 
breathing in an engaging way. For example, the leaves getting blown onto the tree on 
exhalation. Another example is where I nudge the players to refocus on their breathing by 
blurring the game environment to give them feedback about their non-rhythmic breathing.  
Through the study of Life Tree, I developed a set of breathing exercise game design 
strategies. Game designers may use these strategies to design engaging breathing exercise 
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games. Further, pulmonologists 1 and mindfulness meditation practitioners may find the 
breathing exercise games a useful way to engage their patients in learning breathing 
techniques.  
 
In order to achieve my objective, I investigated theories and methods that support using 
breathing as a control mechanism in the design of games for the well-being of players. 
1.2 Background 
 
An important subject of interest for game designers is the development of games that 
support well-being. When a game is created with the intention of entertaining, supporting 
and achieving at least one additional goal such as well-being, it is said to be called as a 
serious game (Dörner et al. 2016). Games designers are exploring various applications and 
games such as 7 Cups (Baumel & Schueller 2016), an anonymous chat platform to help users 
converse about their mental health issues; Journey of the Wild Divine (Bell 2003), a 
biofeedback game that promotes well-being using breathing; ChillFish (Sonne & Jensen, 
2016), a respiratory game for children with Attention Deficit Hyperactivity Disorder 
(ADHD); and Sonic Cradle (Vidyarthi et al. 2012), a non-visual interactive system that 
promotes mindfulness and fosters player well-being by using breathing as a control 
mechanism. Game designers developing such applications are striving to achieve 
improvement for users’ breathing patterns; however, not much research exists to help design 
breathing games that encourage players to practice breathing exercises. Practicing breathing 
exercises helps practitioners acquire good breathing techniques, which is important for well-
being (Hewitt 2012). Because breathing is a conscious physical activity that can directly 
                                                
1 Doctors who specialise in the treatment of pulmonology (lung) and breathing related disorders such as 
asthma, ADHD and COPD. 
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affect our heart, tools, and methods that encourage appropriate breathing technique can be 
useful in the treatment of illnesses such as hypertension and arrhythmia (Elliott & Izzo Jr 
2006). 
 
Researchers (Wongsuphasawat et al. 2012) highlight that digital feedback can help 
people understand their breathing pattern and alter it, if necessary. Digital games offer 
promising opportunities to help players practice breathing exercises because the interactive 
nature of games allows for the development of experiential knowledge (Salen & Zimmerman 
2004). Therefore, digital games could help players understand their breathing pattern and 
allow them to alter it if necessary (Wongsuphasawat et al. 2012).  
 
Further, supporters of virtual reality believe that this technology can give users an 
enhanced sense of “being there” (Pausch et al. 1997), which is considered to be an important 
factor for practicing breathing exercises properly (Wongsuphasawat et al. 2012). Osmose 
(Davies & Harrison 1996) is an immersive and interactive virtual environment system that 
uses breathing as a control mechanism and a virtual reality head-mounted display to create 
such an atmosphere for players to experience heightened awareness of their own body. Thus, 
virtual reality technology could help us create an immersive atmosphere for players to 
practice breathing exercises. I reviewed existing research that uses breathing as a control 
mechanism and considered its capacity to facilitate engaging player experiences. This is 
discussed in Chapter 2. However, such studies do not appear to help players to practice 
breathing exercises. 
 
To address this gap, I used the interactive nature of games (Salen & Zimmerman 2004) 
and the immersive nature of Virtual Reality HMDs (Bouvier et al. 2008) to design a 
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breathing exercise game called Life Tree, a mobile virtual reality game to help players 
practice pursed-lip breathing, a breathing exercise suggested to support well-being (Breslin 
1992; Leskovšek 2012).  
 
I use my work around Life Tree to answer my research question: How do we design 
immersive and engaging breathing exercise games? 
1.3 Methods 
 
In order to answer the research question, I used four research methods, which are 
discussed in this section. 
 
Research through Design 
 
The Research through Design (RtD) approach (Zimmerman et al. 2007) helped the 
brainstorming process that developed my three initial prototypes. In the RtD approach, 
thinking occurs through a prototyping cycle that examines the process, invention, relevance 
and extensibility (i.e., the principle of taking future growth into consideration) of the design 
(Zimmerman et al. 2007). I describe in detail about Research through Design (RtD) in 3.2 
and explain how I applied it in 4.1. After designing my initial prototype games, I conducted 
a Formal Analysis of Gameplay (Lankoski, Petri & Björk, Staffan 2015) on these games to 
deduce their design primitives i.e., the building blocks of my design. 
 
Formal Analysis of Gameplay 
 
I conducted a Formal Analysis of Gameplay (FAOG) (Lankoski, Petri & Björk, Staffan 
2015) that I describe in 3.3 on my prototype games to determine the “design primitives” that 
helped participants practice Pursed-Lip Breathing (PLB) in an immersive and engaging way. 
Design primitives (Lankoski, Petri & Björk, Staffan 2015) are the building blocks of a game; 
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a combination of “components”, “actions” and “goals”. Components are the game entities 
that can be manipulated by players or the game system (Jokela et al. 2008). Actions are 
activities initiated by the players or perceived as coming from the components (Bjork & 
Holopainen 2004). Goals are descriptions of the overall conditions of the game state that 
have specific significance for the gameplay (Ampatzoglou et al. 2013).  
 
Repeatedly playing our own games is one of the ways in which FAOG has been used to 
identify design primitives (Bjork & Holopainen 2004). I played the game prototypes 
repeatedly over several gameplay sessions with my research colleagues until we were able 
to determine the design primitives that are described further in 4.2. I used the design 
primitives from these games to develop my final game, Life Tree.  
 
Game Experience Questionnaire and Semi-Structured Interviews 
 
The Game Experience Questionnaire (GEQ) is a tool I used in assessing player 
experience. This is discussed in 3.3. The GEQ provided me with quantitative data on a 
number of psychological subjective feelings and emotions experienced by the participants 
of Life Tree (IJsselsteijn et al. 2013). Further, I conducted semi-structured interviews 
(Dijkstra 2014; Lankoski, Patri & Björk, Staffan 2015) using the laddering interview 
technique (Corbridge et al. 1994) to gather qualitative game experience data from 
participants. I found the laddering technique helpful in eliciting the goals and underlying 
values of my game. I used thematic analysis (Braun & Clarke 2006) to analyse the data 
collected through the interviews. 
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Thematic Analysis 
 
Thematic analysis (Braun & Clarke 2006) is a method of identifying, analysing and 
reporting patterns (themes) within data. Data analysis revealed four themes in the participant 
data: 
1) Designing Breathing Feedback 
2) Increasing Self-awareness of Body and Breathing 
3) Facilitating Focused Immersion 
4) Engagement with Breathing Hardware 
These themes have been identified by conducting a thematic analysis on the discussions 
I had with participants about their game experience during their interviews. Using the 
discussions with participants in these four themes, I articulated a set of breathing exercise 
game design strategies that future game designers may consider while designing their 
breathing exercise games. 
1.4 Rationale 
 
Several researchers’ present data and constructs supports the hypothesis that digital 
games may accelerate and support well-being through the practice of breathing exercises 
(Davies & Harrison 1996; Hewitt 2012; MacLarnon & Hewitt 1999; Seligman 2012; Vilozni 
et al. 1994). Further, practicing breathing exercises can help reduce breathing related 
disorders such as Attention Deficit Hyperactivity Disorder (ADHD), Chronic Obstructive 
Pulmonary Disease (COPD) and Asthma (Chandwani et al. 2010; Holland et al. 2012; 
Holloway & Ram 2004) besides improving the quality of our life (Chandwani et al. 2010). 
In a study on plausible projections of future mortality (Murray & Lopez 1997), researchers 
predict that by 2020, 7.4 million people annually may globally die prematurely because of 
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respiratory disorders. Also, their study suggests that respiratory diseases such as COPD may 
rise up to become the third most common disease in the world. 
 
Moraveji, in his podcast on Digital Mindfulness, the process of paying attention to our 
feelings and thoughts without being judgmental, (Ampofo 2015) says that “Breathing is one 
of the only conscious things we have control of, and digital feedback could help understand 
our breathing pattern and alter it, if necessary.” This is one of my core motivations to use 
the interactive nature of digital games and design breathing feedback to help players practice 
breathing exercises such as pursed-lip breathing in an engaging way. Further, my previous 
experience of working with 7 Cups (Baumel & Schueller 2016), a platform that supports 
mindfulness by allowing users to practice breathing exercises along the way while being an 
online chat platform, made me realise that the practice of breathing exercises is often not 
engaging.  
1.5 Contribution 
 
This research makes contributions to the following fields: 
• Game design practice by providing implementation details and insights gained 
from the design of my breathing exercise game prototypes and my final game, Life 
Tree. Furthermore, the work identifies a set of breathing exercise game design 
strategies. Game designers might want to use these strategies to design their own 
engaging breathing exercise games in the future. 
• Game design theory, which is discussed in Chapters 4 and 5 is further developed 
via insights derived from the user evaluation of my initial prototype games and my 
final game Life Tree. 
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1.6 Thesis Structure 
 
In this section, I discuss the remaining structure of my thesis. 
 
Chapter 2: In 2.1, I discuss breathing and how it is related to different aspects of well-
being. In 2.2, I discuss breathing as a control mechanism used in various forms of interactive 
media including games. Further, in 2.3, I discuss existing breathing game design strategies 
developed by researchers such as Tennent et al. (2011) and Marshall et al. (2011). 
 
Chapter 3: In 3.1, I discuss the conceptual framework that I used in the design of my 
initial prototype games. In 3.2, I detail the Research through Design (RtD) method that I use 
as an iterative design approach throughout my project. Section 3.3 describes the formal 
analysis of gameplay, a qualitative method that I used to derive the design primitives of my 
three initial breathing game prototypes that are later presented in Chapter 4. In 3.4, I discuss 
data collection methods that I used while conducting my study on Life Tree. In 3.5, I discuss 
how thematic analysis was used on the data collected through the study of Life Tree to 
identify and report on themes affecting the game experience of participants. 
 
Chapter 4: In 4.1, I explain the design process I followed to develop my three initial 
prototype games. In section 4.2 I describe the gameplay of my three prototypes and the 
components, actions and goals deduced by conducting a Formal Analysis of Gameplay. 
Furthermore, I present the findings from the design of these prototypes that I used in the 
design and development of Life Tree, my final game. In 4.3, I describe how I used the 
findings from my initial prototypes and literature on breathing (discussed in Chapter 2.1) to 
design Life Tree. 
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Chapter 5: In 5.1, I explain how I conducted my study and collected data from 
participants playing Life Tree. Section 5.2 describes how I analysed the interview data 
collected using thematic analysis and how I analysed data collected from the Game 
Experience Questionnaire (GEQ). In 5.3, I explain the themes obtained from the discussions 
with participants about their experience playing Life Tree. These descriptions include quotes 
from the participants that highlight their game experience. In 5.4, I articulate a set of 
prescriptive breathing exercise game design guidelines that may provide future game 
designers with strategies to develop engaging breathing exercise games. 
 
Chapter 6: In 6.1, I summarise my research. In 6.2, I discuss the limitations of my 
research. Section 6.3 describes how future work can be done around my work and in 6.3, I 
present concluding remarks reflecting on my overall research. 
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Chapter 2 : Related Work 
 
 
2.0 Overview 
 
In 2.1, I discuss breathing and how it is related to different aspects of well-being. Section 
2.2 describes how breathing as a control mechanism has been used in various forms of 
interactive media, including games. Further, in 2.3, I discuss existing breathing game design 
strategies developed by researchers such as Tennent et al. (2011) and Marshall et al. (2011). 
2.1 Breathing and Well-being 
 
    Breathing is an activity that we do all the time and yet we are mostly not aware of it. By 
bringing our focus intentionally onto our breathing, we can learn to observe it without 
reacting to it, simply feeling each breath as it happens (Bishop et al. 2004). Various breathing 
exercises are considered fundamental for the development of both physical and mental well-
being (Hewitt 2012; Singh et al. 1990). Inhaling makes us alert and ready for action, while 
exhaling calms us down, stimulates digestion and relaxes the muscles (Lee 1999).  
 
Breathing is one of the only conscious functions that directly affects the heart (Elliott & 
Izzo Jr 2006). The part of the nervous system that cannot be controlled by our will is called 
the autonomous nervous system (Singh et al. 1990). Relaxation is intricately bound up with 
the parasympathetic part of our nervous system i.e., the part that has a calming effect on your 
body (Jerath et al. 2006). By focusing on our breathing and the movement of our diaphragm, 
we can directly influence our nervous system and heart rate (Parshad 2004). Therefore, it 
has been shown that illnesses such as hypertension and arrhythmias can be successfully 
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treated through controlling one's breathing by practicing breathing exercises (Elliott & Izzo 
Jr 2006).  
 
Breathing exercises are a good way to reduce stress, feel relaxed and improve the overall 
quality of our life (Chandwani et al. 2010). Practicing breathing exercises is considered 
fundamental for the development of both physical and mental well-being (Hewitt 2012; 
Singh et al. 1990). In summary, the way we do our breathing affects our whole body (Young 
2015). 
 
Breathing and Body Posture 
The relationship between breathing and body posture has been shown to affect 
significantly the way we breathe (Baydur et al. 2001; Makhsous et al. 2004). For example, 
the lying position in healthy subjects can cause compression of the anterior ribs, which limits 
the volume of air into the lungs and the ability to expel air out of the lungs (Vilke et al. 2000). 
 
Figure 3. Three sitting postures while breathing: slumped, normal, and kyphotic. 
 
Nwaobi and Smith investigated the effects of a seated position in two different types of 
wheelchairs on children diagnosed with cerebral palsy, a condition caused by impaired 
muscle coordination (Nwaobi & Smith 1986). They reported significant improvements in 
 16 
vital capacity2, forced expiratory volume (FEV)3, and increase in expiratory time of the 
children. This improvement was achieved (shown in figure 3) through the modular inserts 
placed on the seat of the wheelchair to assist the child maintain upright posture (Nwaobi & 
Smith 1986). Breathing exercises can be practiced using many different body-postures such 
as Baddha Konasana (Bound Angle Pose), Paripurna Vajrasana (Thunderbolt Pose). Hewitt 
(2012) suggests that sitting down cross-legged (shown in figure 4) gives us greater stability 
and has been used for thousands of years by Yogis (a historic term for Yoga practitioners). 
This free posture is called Mukthasana and is one of the most basic postures in Yoga. 
Therefore, considering the right body posture may play an important role for the designer of 
breathing exercise games. 
 
 
 
Figure 4. The free-posture or Mukthasana body posture. 
 
Breathing and Colour Therapy 
Birren (2016), a researcher in colour therapy says that the use of colour can affect 
breathing. He suggests that the colour red stimulates visual organs and emotions, increases 
                                                
2 The greatest volume of air that can be expelled from the lungs after taking the deepest possible breath. 
3 FEV measures how much air a person can exhale during forced breathing. Forced breathing refers to 
increased depth and rate of breathing. We could perform this when we experience a lack of oxygen. For 
example, during or after exercise, or when body lacks oxygen at high altitudes. 
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blood circulation and stabilises breathing rate. Red is also considered to improve mental 
functioning while reducing depression (O'Connor 2011). The colour green is thought to 
release the pressure in the eyes, slow down breathing and decrease heart and blood pressure, 
which in turn reduces stress and imbues a sense of calmness (O'Connor 2011). Blue is 
believed to have a soothing effect on the human mind as it helps produce calming chemicals 
in the brain (O'Connor 2011). We may conclude that the use of colour can directly influence 
the human body’s physiological and mental responses. These studies indicate that designers 
may consider using particular colours when designing virtual environments for breathing 
exercise games.  
 
Breathing and Music 
The incorporation of music in breathing exercises is a widespread practice (Fried 1990). 
Studies indicate that the addition of certain types of music enhances the process of learning 
relaxation skills (such as breathing exercises) and affects common behavioural and 
psychophysiological variables such as breathing rate and tidal volume (volume of air 
displaced between inhalation and exhalation) (Fried 1990; Kuan 2014). 
 
Researchers previously used music as the central entity being controlled by breathing. 
Sonic Cradle (Vidyarthi et al. 2012) is a non-visual interactive system that promotes 
mindfulness to foster the well-being of players by using breathing to control the ambient 
music. Sonic cradle is described by Vidyarthi et al. (2012), as a chamber of complete 
darkness where users shape the soundscape using only their breathing. This study suggests 
that meditative processes through practicing breathing exercises can be enhanced by using 
music in the design process. 
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Natya yoga therapy is an integrative approach that combines yoga with movement, 
music, and conventional psychotherapy (Chandwani et al. 2010; Ramaswamy 2014). The 
word “Natya” refers to the ‘movement of the body to the rhythm of music’ while “yoga” 
refers to ‘mastery over the modifications of mind’, these being achieved through the 
movement of the body and by practicing breathing exercises. A study by Ramaswamy 
dedicated to developing a group meditation model, that included “Natya” and yoga practices, 
found that participants experienced a calming meditative experience (Ramaswamy 2014). It 
is, therefore, important for game designers to consider the types of music they use in 
developing breathing exercise games. In 4.3, I discuss the use of classical Indian music 
created from an instrument called the Veena, as the background music for Life Tree. 
 
2.1.1 Breathing Exercises 
 
 Breathing exercises are extensively used in the practice of mindfulness, which in recent 
times has gained popularity (Bishop et al. 2004; Langer 1989). Mindfulness has been 
described by Langer (1989), a social psychologist, as the process of learning how to be with 
all your experiences in a moment-to-moment awareness, non-judgmentally through 
systematic and purposeful focusing. A study that developed a questionnaire to measure 
mindfulness (Bergomi et al. 2013) i.e., the Comprehensive Inventory of Mindfulness 
Experiences (CHIME), identified eight factors of mindfulness out of which, Awareness 
towards Inner Experiences reflected the importance of practicing breathing exercises. 
 
Awareness towards Inner Experiences 
  
According to Bergomi et al. (2013), an expert in the relationship between mindfulness 
and mental health, Awareness towards Inner Experiences encompasses the ability to be 
aware of one’s own experiences such as thoughts, feelings, and sensations. It can be 
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characterised as body-awareness, which is a form of self-awareness, drawing on the ability 
to direct one’s own attention to specific parts of the body. Further, according to Bergomi et 
al. (2013), this is one of the core factors that can lead to the development of mindfulness. 
Awareness towards inner experiences can be developed by using parts and processes of one’s 
own body as the object of concentration, for example, practicing breathing exercises 
(Bergomi et al. 2013). This is important for my research because the practice of breathing 
exercises may support mindfulness through playing digital games. 
  
Breathing exercises described in the sections below are widely practiced to reduce 
physical and mental health related disorders (Singh et al. 1990); Buteyko breathing (Singh 
et al. 1990), Pranayama (Cooper et al. 2003; Singh et al. 1990), Diaphragmatic breathing 
(Gosselink et al. 1995) and Pursed-Lip Breathing (PLB) (Breslin 1992). These breathing 
exercises are considered to help reduce breathing and mental health-based disorders (Hewitt 
2012; Holland et al. 2012; Holloway & Ram 2004; MacLarnon & Hewitt 1999; Singh et al. 
1990). 
 
Buteyko Breathing 
Buteyko exercises involve breath control; consciously reducing either breathing rate or 
breathing volume (Courtney 2008). Many teachers refer to Buteyko as 'breathing retraining' 
and compare the method to learning to ride a bicycle. Buteyko uses a measurement called 
the Control Pause (CP), defined as the amount of time that an individual can comfortably 
hold breath after a normal exhalation. According to Buteyko teachers (Cooper et al. 2003; 
Courtney 2008), with regular Buteyko breathing practice, asthmatics are expected to find 
that their CP gradually increases and their pulse rate decreases in parallel, decreasing asthma 
symptoms. 
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Figure 5. Visual representation of buteyko breathing technique. 
Pranayama 
Pranayama is a Sanskrit word alternatively translated as an extension of the prana i.e., 
breath or life force or breath control. The word is composed of two Sanskrit words: Prana 
meaning life force and Yama meaning restrain or controlling the prana. Pranayama is a set 
of breathing techniques where the breath is intentionally altered in order to produce specific 
results (Singh et al. 1990). It is a yogic discipline with origins in ancient India. Figure 6 
shows one of the body postures in which pranayama breathing is practiced. 
 
Figure 6. Visual representation of pranayama breathing technique. 
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Diaphragmatic Breathing 
Diaphragmatic breathing is breathing done by contracting the diaphragm. The 
diaphragm is a muscle located horizontally between the thoracic cavity and abdominal cavity 
(Gosselink et al. 1995). Air enters the lungs when we inhale and the belly expands during 
this type of breathing. This deep breathing is marked by the expansion of the abdomen rather 
than the chest when breathing. It is a form of complementary and alternative treatment 
(Gosselink et al. 1995). 
 
Pursed-Lip Breathing 
PLB (Breslin 1992) is done by exhaling through tightly pressed lips (pursed-lips) and 
inhaling through the nose with a closed mouth (shown in figure 4). Physicians, physical 
therapists, occupational therapists, and respiratory therapists teach this breathing exercise to 
their patients to ease shortness of breath and to promote deep breathing, also referred to as 
abdominal breathing (Hewitt 2012).  
 
The purpose of PLB is to create backpressure inside airways to split them open; with 
the result that moving air takes less work. COPD Canada suggests that using PLB has 
positive effects in treating stress and anxiety related disorders (Raab 2014). In a study 
conducted to design personalised relaxation techniques that involved breathing exercises for 
oncology patients, researchers asked patients to practice rhythmic PLB and they observed a 
significant decrease in the physical and emotional effects of stress (Mast et al. 1987). Further, 
there is technology readily available4 to measure the exhalation, which is an important factor 
in the practice of PLB. 
                                                
4 Breathing+, a headset designed and developed by Breathing Labs. 
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Figure 7. Visual representation of pursed-lip breathing. 
I have chosen pursed-lip breathing as the breathing exercise players can practice while 
playing my three prototype games and Life Tree due to its proven health benefits (Breslin 
1992). As a summary, practicing pursed-lip breathing helps to reduce stress and anxiety and 
provides relief from respiratory disorders such as Asthma, Chronic Obstructive Pulmonary 
Disease (COPD), and Attention Deficit Hyperactivity Disorder (ADHD). 
  
Having selected this breathing exercise, I discuss various forms of interactive media, 
including games, that use breathing as a control mechanism in order to understand the 
challenges and opportunities of designing a pursed-lip breathing exercise game in 2.2 and 
2.3. 
2.2 Breathing Control Used in Various Forms of Interactive 
Media 
 
Breathing can make an unusual interface mechanic - notably, we can only hold our 
breath for so long, and that duration affects how hard the following converse action is. Such 
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features make the use of breathing as a control mechanism unusual and perhaps unique 
(Tennent et al. 2011). Breathing as a control mechanism has been put to creative uses: for 
navigating an immersive virtual world through the metaphor of diving (Kuchera 2015); and 
for enabling two-way communication (Tennent et al. 2011). Devices for measuring breathing 
have also entered the market, for example, the Sensawaft Breath Controlled Mouse (Miller 
2010), Breathing+ headset (Leskovsek 2015) and Spire (Keller 2015). Breathing as a control 
mechanism has been used in some game interfaces from simply blowing out candles on a 
digital screen, to the sensory deprivation game, Deep Sea (Arnott 2015). Deep Sea is an 
audio only breathing first-person shooter (FPS) game in which players have to pause their 
breathing to listen to alien creatures in the darkness of a custom-built facemask, to shoot and 
kill the aliens (Arnott 2015). This game provides an excellent example of how breathing can 
be used as a novel control mechanism. 
 
“The Journey to Wild Divine” is a study that used breathing as a control mechanism to 
investigate a bio-feedback management tool that teaches breathing techniques to children 
with Attention-Deficit Hyperactivity Disorder (ADHD) (Bell 2003). Children played the 
game by manipulating their heart rate using breathing techniques taught in the game. This 
game indicated that bio-feedback technology combined with relaxation techniques such as 
the use of meditation procedures, visual images, and auditory stimulus, have the potential to 
produce positive developments on ADHD symptoms and disruptive behaviours (Amon & 
Campbell 2008). 
 
ChillFish (Sonne & Jensen 2016) is another breathing game for children with ADHD to 
help children retain attention on practicing breathing exercises. The gameplay is based on an 
underwater 2D world, where the player’s character (a puffer fish) collects as many starfishes 
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as possible. The vertical position of the putter fish is controlled by the child’s breathing rate 
through a physical LEGO fish controller. The design process which involved both teachers 
and ADHD professionals suggests that the use of chest strap might not be a plausible 
technology solution while designing breathing games for kids with ADHD. Consequently, 
they developed a stand-alone breathing input controller using LEGO that allows children to 
easily pick up the controller and start playing the game. This study shows that children found 
the game calming, especially after emotional outbursts, which are common in children 
suffering from ADHD. In conclusion, their research suggests that doctors who treat breathing 
related disorders such as ADHD might want to use creative solutions such as games to help 
enhance their patient's attention towards their own breathing while practicing breathing 
exercises. 
 
Breathing Light and Soma Carpet are two applications by Somaesthetic designers 
(Höök et al. 2016). Somaesthetics allows the design of interactions that subtly support users’ 
attention inwards, towards their own body (Höök et al. 2016; Höök et al. 2015). Breathing 
light consists of an enclosure made of fabric and string curtains that one crawls under, 
creating a room within a room, effectively shutting out the external world. Inside this 
enclosure, a breathing sensor is placed that measures the breathing of the user. The sensor 
controls a lamp inside the module, creating an ambient light that will dim in cadence with 
the participants’ breathing. Soma Carpet is a product that has the ability to direct 
participants’ attention by providing heat feedback to different parts of one’s body while one 
follows the instructions of a pre-recorded Feldenkrais lesson. Here, the Soma Carpet draws 
attention to the importance of self-awareness of one’s own body while breathing. Their 
research suggests that game designers may want to consider using subtle feedback; feedback 
that might not disturb the experience of the user, such as the dimming of lights in Breathing 
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Light. External stimuli such as heat in Soma Carpet might also help direct users’ attention 
towards their own body while practicing breathing exercises. 
 
AirFlow is a suite of immersive interactive computer games that guides people with 
Chronic Obstructive Pulmonary Disease (COPD) to practice breathing exercises (Qin et al. 
2014). COPD refers to a collection of lung diseases that result in breathing difficulties. 
Players wear a chest strap that sense respiration rate, the waveform of breathing pattern and 
amplitude of breathing or tidal volume. These dimensions of breathing are used to control 
the virtual environment in the game. Airflow consists of three games: 1) The Balloon Game, 
2) The Eating Game and, 3) The Penguin Game. Although this study is work in progress, it 
provides us a basis to assume that considering creating an immersive atmosphere to guide 
the practice of breathing exercises can be fun and engaging while being helpful for treating 
breathing disorders such as COPD. 
 
Marshall et al. (2011) explored the potential of breathing as a control mechanism for a 
Bronco Ride5, an amusement park ride. Their research helps me understand tactics to use 
breathing as a control mechanism in amusement park rides such as 1) Encouraging the rider 
to hold their breath and, 2) Use rapid breathing to power up the ride. Tennent et al. (2011) 
explored the potential for breathing as a control mechanism in gaming. They developed five 
games using breathing as both an exclusive, secondary and ambient control mechanism. 
They built a custom gas mask (MarshallWalker, et al. 2011) to measure breathing along with 
traditional gaming interfaces such as keyboard and mouse to control some parts of the game. 
I explored and understood the design challenges of using breathing as an exclusive, 
                                                
5 Bronco ride requires players to ride a horse or a bull that attempts to throw or buck off the rider. 
 26 
secondary and ambient control mechanism while also understanding the opportunities of 
using breathing as a three-dimensional control with the help of their research. 
 
2.2.1 Breathing Exercises and Virtual Reality 
 
Virtual Reality (VR) is a term that refers to electronic simulations of environments 
experienced via head-mounted displays enabling the end-user to interact with realistic three-
dimensional environments (Coates 1992). The traditionally held view of virtual reality is that 
it is an alternate world filled with computer-generated images that respond to human 
movements. These simulated environments are usually visited with the aid of stereo viewing 
goggles and fibre-optic data gloves (Krueger 1991; Steuer 1992). According to Sherman and 
Craig (2002), virtual reality is defined as:  
“a medium composed of interactive computer simulations that sense the 
participant’s position and actions and replace or augment the feedback to 
one or more senses, giving the feeling of being mentally immersed or 
present in the simulation (a virtual world).” 
 
Proponents of virtual reality claim that it can improve user performance via focused 
immersion, or give an enhanced sense of “being there” (Pausch et al. 1997). Agarwal and 
Karahanna (2000), pioneers in information systems and e-health, say that focused immersion 
is one of the five dimensions responsible for cognitive absorption, which is defined as a state 
of deep involvement with software while experiencing altered sense of time. Focused 
immersion, according to Hewitt (Hewitt 2012) is one of the most important qualities to 
practice breathing exercises. 
 
Char Davies, an artist known for creating immersive virtual reality artworks, was one 
of the first people to use breathing as a control mechanism with her project, Osmose (Davies 
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& Harrison 1996). Osmose is an immersive interactive virtual reality environment 
installation with 3D computer graphics and interactive 3D sound, a head-mounted display 
and real-time motion tracking based on breathing and balance. Osmose was designed to 
explore the potential of immersive virtual space to allow participants to shed their habitual 
ways of looking at (and behaving in) the world. To achieve her goal, Davies used two main 
computer graphic techniques: 1) To use transparent texture maps to design complex 3D 
models with low polygons and, 2) To fill various worlds of Osmose with simple particle 
systems. These particle systems were used as ambiguous representations of objects in the 
world of Osmose such as the water stream or birds. Players gently float to navigate through 
the different worlds within Osmose. This technique helped players feel centred to their 
physical bodies during immersion, in a way that is similar to the effect of practicing 
meditation. Consequently, the experience described by the participants demonstrates the 
potential of VR to heighten awareness, immersiveness, and engagement with the virtual 
environment and breathing, which according to Popov (2011) are qualities essential for the 
practice of breathing exercise. A participant who experienced Osmose said that the 
experience heightened awareness of his body as a site of consciousness. He also said that it 
was one of the most evocative explorations of the perception of consciousness that he ever 
experienced. 
 
Deep (Kuchera 2015), a virtual reality meditative experience tool was designed by game 
designer Owen Harris. Deep is played using a head-mounted display and by wearing a 
custom-built belt designed to measure the inhaling and exhaling of players. Players can see 
a white circular light in the middle of the screen and it expands and contracts when players 
inhale and exhale. Further, players can move through an underwater environment as they 
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inhale and exhale. This experimental project demonstrates that VR technology can make 
meditation and breathing exercises interesting and possibly even fun. 
 
There is another game with the same name DEEP, which is a work-in-progress and that 
has been developed to support children with anxiety disorders, a frequently diagnosed mental 
health disorder in children (Van Rooij et al. 2016). DEEP is a bio-feedback virtual reality 
game that integrates established therapeutic principles with an embodied and intuitive 
learning process aimed towards improving anxiety regulation skill. DEEP immerses players 
into a beautiful underwater fantasy world in which they can move around. DEEP’s main aim 
is to provide an immersive and relaxing experience with no explicit tasks or goals for the 
players to attain. The player’s diaphragm expansions are recorded (using a variable 
resistor/stretch sensor) and used as feedback. The aim of the game is for players to perform 
slow and deep breathing and that allows players to move better in the game thus providing 
an embodied and powerful motivation for diaphragmatic breathing. Through analysis, DEEP 
has been shown to reduce the stress levels and anxiety in children and has indicated the 
potential of using VR technology in the design of breathing exercise games. 
  
Therefore, VR technology using head-mounted displays might help participants 
concentrate on their breathing while playing to support both the notion of focus and that 
users can have fun and feel engaged while playing breathing exercise games. 
 
2.2.2 Technology to measure breathing 
 
In the previous sections, I discuss the use of custom-built strap devices and gas masks used 
in games such as the VR biofeedback game DEEP (Van Rooij et al. 2016), creating 
Fearsome Interactions (MarshallWalker, et al. 2011) and breath controlled amusement park 
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ride (MarshallRowland, et al. 2011). Devices like Zephyr (Hailstone & Kilding 2011) are 
readily available in the market to calculate dimensions of breathing such as breathing rate, 
tidal volume etc., (described in 3.1). These dimensions can be calculated and considered by 
game designers as inputs that affect the game environment. Games by Tennent et al. (2011) 
and Deep Sea (Arnott 2015) have included a custom facemask to detect three dimensions of 
breathing i.e., Breathing In, Breathing Out and Pause (discussed in 3.1). These are used as 
inputs affecting gameplay. 
 
Further, devices such as the Breathing+ (Leskovsek 2015) discussed in 1.1 have been 
designed specifically to create applications that help in the practice of PLB. The limitation 
with this technology is that we cannot calculate the amount of time for which users inhale 
directly. Inhalation time is calculated by subtracting the time taken to exhale from the total 
time taken for one breathing cycle to complete. While this can only calculate exhale and not 
one of the most fool-proof and accurate ways to measure breathing out, one of the 
dimensions of breathing, it is light and one of the most portable devices available when 
calculating the exhalation of players during gameplay. This is an important reason why I 
chose to use this technology in the design of my three prototype games and my final game 
Life Tree. 
2.3 Existing Breathing Games Design Strategies 
 
In this section, I expand upon the research conducted by Marshall et al. (2011) and 
Tennent et al. (2011) using breathing as a control mechanism in amusement park rides and 
games respectively. Further, I describe how I draw design tactics from their research 
(MarshallRowland, et al. 2011; Tennent et al. 2011) to design my breathing exercise games. 
 
 30 
2.3.1 Breathalising: Breathing games design strategies 
 
Tennent et al. (2011) demonstrated that breathing can form an interface, or part of an 
interface to a game experience by constructing and deploying five game prototypes using a 
custom-built gas mask.   
 
Breathing as Exclusive, Secondary and Ambient Control 
In their games, PerPing, Tunnel Run and Hyperventilation Sports breathing is used as 
an exclusive or primary control mechanism. In their game of Sneak-Em-Up, breathing is used 
as the secondary control mechanism along with keyboard controls as the primary or 
exclusive control mechanism. Serious Sam HD is one of their games where breathing is used 
as an ambient control in the game. In this game, breathing is used to add to the experience 
of players by making the central character respond to their own physical state. The use of 
breathing to control the ambient interface shows that it might increase the sense of 
involvement in the game. This is important for my research as I use breathing as the primary 
and ambient control mechanism to develop Life Tree, which I discuss in 4.3. 
 
Breathing as a Three-Dimensional Interface 
Tennent et al. (2011) used their gas mask interface to calculate both inhalation and 
exhalation rates. Further, they added a third dimension of “pause” for breathing as a control 
in their game Serious Sam HD where players stabilise their cross air to shoot the enemy 
accurately. As discussed in 1.1, I measured breathing out or exhalation of participants 
playing Life Tree using the Breathing+ headset.  
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Frequency of Breathing 
It has been demonstrated by Tennent et al. (2011) in their games that breath can provide 
an additional dimension of control based on frequency. Of course, the frequency is 
fundamentally intertwined with the other values, so it cannot be thought of as a two-
dimensional input such as a joystick. Similarly, the input value of the frequency of breathing 
cannot stay in one place for very long, as we cannot maintain the process of breathing in/out 
or pausing our breath for any more than very short periods of time. All these attributes make 
for an intriguing and somewhat unique input dimension. I used this strategy in the design of 
Life Tree to calculate the rhythm, or the frequency, of users’ breathing to manipulate the 
elements inside the game accordingly. 
 
2.3.2 Broncomatic design strategies 
 
Marshall et al. (2011), explored how humans interact with a bucking bronco ride, an 
amusement park ride, by letting humans control the ride using their breathing. While they 
suggested a number of design strategies through their research, I discuss only one strategy 
articulated by them as I believe the others might not support the notion of well-being such 
as 1) The use of physical movement and exertion to make the rider breathe harder and less 
regularly and so lose control of the rise; and, 2) The use of sudden shocks to make players 
draw and hold breath to lose control of the ride. They suggest that to heighten the awareness 
of breathing in players, designers should think of ways to allow players to play in an enclosed 
space and use sound and visual effects to enhance the experience.  
 
This is one of the reasons why I use the Virtual Reality (VR) technology as a platform 
to develop Life Tree. Further, I discuss how I designed my visuals and audio in 4.3 to 
potentially heighten the awareness of breathing in players while playing Life Tree. 
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2.4 Conclusion 
 
After reviewing the literature in 2.2 and 2.3, we may conclude that breathing games may 
help players practice breathing exercises to acquire proper breathing techniques. In fact, the 
way we do our breathing affects our whole body. Body posture may play an important role 
in the design of breathing exercise games. Studies indicate that designers may consider using 
particular colours that support relaxation when designing virtual environments for breathing 
exercise games. Further, mindful practice of breathing exercises could be supported by 
digital games to enhance the self-awareness of breathing. The relationship between breathing 
and music suggests that meditative processes such as practicing breathing exercises can be 
enhanced by using music in the design.  
 
Digital games by Tennent et al. (2011) and Deep Sea (Arnott 2015) suggest that the use 
of breathing as a control mechanism can be fun and engaging. Further, the design of 
interactive media applications that use breathing as the control mechanism such as Journey 
of the Wild Divine (Bell 2003), ChillFish (Sonne & Jensen 2016), Sonic Cradle (Vidyarthi 
et al. 2012) and the virtual reality game DEEP (Van Rooij et al. 2016) suggest how to support 
and enhance the practice of breathing exercises. Researchers in the field of Virtual Reality 
(VR) technology using head-mounted displays indicated that VR head-mounted displays 
might help participants concentrate on their breathing, support the notion of focus, and that 
immersion can be fun and engaging 
 
In the next chapter, I will further elaborate the conceptual frameworks developed using 
existing interactive media that also use breathing as a control mechanism. Further, from 3.2 
to 3.5, I discuss the methods I used to develop and evaluate my design. 
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Chapter 3 : Conceptual Framework and Research 
Methods 
 
 
3.0 Overview 
 
In 3.1, I discuss the conceptual framework that I used in the design of my initial 
prototype games. In 3.2, I detail the Research through Design (RtD) method that I used as 
an iterative design approach throughout my project. Section 3.3 describes the formal analysis 
of gameplay, a qualitative method that I used to derive the design primitives of my three 
initial breathing game prototypes (presented in chapter 4). In 3.4, I discuss data collection 
methods that I used while conducting my study on Life Tree. In 3.5, I discuss how thematic 
analysis was used on the data collected through the study of Life Tree to identify and report 
on themes affecting the game experience of participants. 
3.1 Conceptual Framework 
 
In chapter 2, I reviewed interactive media that uses breathing as a control mechanism 
for both entertainment, and to support the practice of breathing exercises. The review helped 
me understand the technology used and the purpose for which the applications were 
developed. In this section, I explore the conceptual framework developed by Tennent et al. 
(2011) and Marshall et al. (2011) that I describe as Dimensions of Breathing. I use this 
framework to design breathing exercise applications utilising hardware that measures 
breathing in digital games.  
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3.1.1 Dimensions of Breathing 
 
The Dimensions of Breathing describe in a structured way how breathing has been used 
in the related work discussed in Chapter 2. I outline below the four key dimensions of the 
framework highlighted by Tennent et al. (2011) and Marshall et al. (2011): 1) Breathing 
Control; 2) Breathing Rate; 3) Tidal Volume; and, 4) Breathing as exclusive, secondary and 
ambient control mechanisms. 
 
Breathing Control 
According to Tennent et al. (2011), breathing control is the ability to adjust and control 
your breathing. The aim of controlling your breathing is to have the skill to control your 
body and mind to create an impact on the action the player is performing in the game. Apart 
from breathing control being a design dimension for breathing games, it has quite a lot of 
mental and physical health benefits (Bernardi et al. 2000; Wong et al. 1999). These are the 
following forms of breathing control that have been used in interactive media discussed in 
2.2 and 2.3, which can be considered by designers as a form of breathing input to control 
their games: 
●      Long Breaths: The use of this parameter in the design refers to the use of long breaths 
(longer than 2 seconds) to interact with the game. 
●    Short Breaths: The parameter refers to the use of short breaths (less than 2 seconds) 
to interact with the game. 
●   Pausing Breath: Tennent et al. (2011) consider pause to be a powerful parameter that 
can be used in the design of breathing games. This refers to the player holding their 
breath to interact with the game. 
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Breathing Rate 
Breathing rate is equal to the number of breaths a person takes in one minute (Clark & 
von Euler 1972). This parameter seems to be a major factor in the design of most breathing 
games discussed in 2.2 and 2.3. For example, in ChillFish developers calculate the breathing 
rate in order to control the vertical movement of the fish in an underwater world (Sonne & 
Jensen 2016). 
 
Tidal Volume 
The tidal volume represents the volume of air displaced between normal inhalation and 
exhalation when extra effort is not applied (Gilbert et al. 1972; Qin et al. 2014). In a healthy, 
young human adult, tidal volume is approximately 500 mL per inspiration or 7 mL/kg of 
body mass (Gilbert et al. 1972). In The Balloon Game, which is one of the three games in 
AirFlow (Qin et al. 2014) discussed in 2.2, researchers calculated the tidal volume needed to 
inflate and deflate a balloon in the game. Therefore, tidal volume is also a dimension that 
can be used to control a breathing exercise game. 
  
Breathing as Exclusive, Secondary and Ambient Control 
As discussed in 2.3.1, Tennent et al. (2011) articulated the use of breathing as an 
exclusive, secondary and ambient control mechanism.  
 
Exclusive Control 
Breathing has been used as the exclusive control by developers of interactive media 
discussed in 2.2. For example, in the virtual reality game Deep (Kuchera 2015), players wear 
a custom built belt and their breathing rate is used as an input during interaction with the 
game. 
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Secondary Control 
Breathing is considered as the secondary control when the gameplay is affected by other 
input from other controls such as the mouse and keyboard rather than just via input of 
breathing. For example, in Sneak-Em-Up (Tennent et al. 2011) breathing is used as the 
secondary control mechanism along with a keyboard and mouse used as primary controls. 
  
Ambient Control 
Breathing is considered ambient control when the input of breathing affects the 
ambience of the game environment like the lighting, water, colours etc. For example, in 
Serious Sam HD (Tennent et al. 2011), a first-person shooter game, players controlled the 
avatar with a keyboard and aimed a shot at the enemy using a mouse. However, players had 
to hold their breathing in order to stabilise the crosshair, which is suggested by Tennent et 
al., (2011) as using breathing as an ambient control mechanism. 
 
This holds significance to my research as I used the Dimensions of Breathing in the 
design process to develop my initial prototypes that I discuss in 4.1. In the next section, I 
explain how I used the Research through Design approach to design and develop my initial 
prototypes. 
3.2 Research through Design approach 
 
Research through Design (RtD) (Zimmerman et al. 2007) is an iterative and reflective 
process often used in design research. In this process, thinking occurs through prototyping 
to examine the process, invention, relevance and extensibility of the design. RtD is also an 
approach increasingly used by games researchers, where knowledge is generated through the 
process of design and evaluation. The knowledge generated using this process helped in 
 38 
designing my initial game prototypes (discussed in 4.2). Therefore, the design of the initial 
prototype games and Life Tree act as a research vehicle to guide me to answer my research 
question. After I came up with designs for the initial three prototypes, I used the Formal 
Analysis of Gameplay, a method used to determine design primitives.  
3.3 The Formal Analysis of Gameplay 
 
Formal Analysis of Gameplay (FAOG) (Lankoski, Patri & Björk, Staffan 2015) is a 
method that provides an understanding of a game system by deriving design primitives, 
which are a combination of :1) Components; 2) Actions; and, 3) Goals. The results of game 
research scholars such as Myers (Myers 1990) use FAOG to study the aesthetics of games, 
whereas Björk and Holopainen (Bjork & Holopainen 2004) used it to determine design 
primitives i.e., FAOG allows researchers to determine the design primitives by repeatedly 
playing one’s own games and writing in detail about them. I chose to use the FAOG to 
determine the design primitives of my initial prototypes and help design my final game, Life 
Tree (discussed in Chapter 4).  
  
Components 
Components are the game entities that can be manipulated by players or the game 
system (Järvinen 2009). Other names for them include game design atoms (Brathwaite & 
Schreiber 2009) and game elements (Bjork & Holopainen 2004), but basically, all these 
describe individual entities defined by a game that has values and can be manipulated. In 
some cases, variables that are not directly linked to any component, such as the score in a 
single-player game, may be seen as a component to give it a clear position in an analysis. 
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Actions 
Player actions: These are the actions that the players initiate. For example, in Space 
Invaders, player actions are move left, move right and shoot. Space Invaders is an example 
where player actions have a direct relationship to what a player owned component does. In 
other games, the relationship can be less direct where players build or buy components and 
own them, but components are not directly controlled. 
  
Component actions: These are actions that one perceives as coming from the 
components themselves. For example, the aliens in Space Invaders move and shoot. These 
can be described as actions they themselves perform, and for this reason these would be 
component actions. 
  
System actions: These are the actions not perceived to originate from players or 
components. They can however directly affect both components under players’ control and 
others. The spawning of enemies, or new tiles in Tetris (Pajitnov et al. 1984), and the 
handling of scores are both examples of system actions i.e., actions generated by the game 
system.  
 
Goals 
Goals are descriptions about overall conditions of the game state that have specific 
significance for the gameplay. Typically, goals are seen as what players should strive for 
while playing a game, and these exist both as goals that can be achieved or not in the short 
term (e.g., avoiding a shot in Space Invaders) and in the long term (placing the other player’s 
king in checkmate in Chess). 
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Steps for Formal Analysis of Gameplay 
To conduct FAOG on a game, one needs to play a game carefully and repeatedly to 
distinguish design primitives in the game (Lankoski, Petri & Björk, Staffan 2015). It is 
important to play the game multiple times and try different things (Lankoski, Petri & Björk, 
Staffan 2015). Discriminating primitives is usually straightforward, however, understanding 
the qualities of the relationship between primitives requires pushing the system to reveal 
how it behaves (Lankoski, Petri & Björk, Staffan 2015). Lankoski and Björk (2015) suggest 
that asking the following questions might help in the process of understanding the 
relationship between the design primitives: (i) What happens when one does this? (ii) Does 
the same thing happen every time? (iii) What can one do in this situation? (iv) What cannot 
be done in that situation? 
 
I conducted an FAOG on my three initial game prototypes that I explain in 4.2 to help 
determine the design primitives of these games. I used the design primitives identified 
through this process to help in the design of my final game Life Tree (discussed in 4.3). 
3.4 Methods for Collecting Data 
 
    After the play session, the study participants answered survey questions from the Game 
Experience Questionnaire (GEQ) and then participated in a semi-structured interview 
regarding their experience playing Life Tree. 
 
Game Experience Questionnaire 
The Game Experience Questionnaire (GEQ) (IJsselsteijn et al. 2013) has a total of 33 
questions that participants answer. It allows me to collect numerical data from the 
participants about their overall game, in-game and post-game experience. These answers 
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uncover a range of digital game experience components (Ermi & Mäyrä 2005; Sweetser & 
Wyeth 2005) that I present in 4.3. I chose the GEQ to understand the game experience of 
participants as it allowed me to verbalise commentary with a common and shared 
vocabulary. The GEQ collects quantitative survey data which might help understand the 
game experience of participants. 
  
Data Collection – Playtests and Semi-Structured Interviews 
 
After participants answered the survey questions in GEQ, they participated in semi-
structured interviews (Dijkstra 2014; Lankoski, Patri & Björk, Staffan 2015) that were 
conducted using the laddering interview technique (Corbridge et al. 1994). Laddering 
technique is particularly helpful in eliciting the goals and underlying values of the game 
design, and therefore, may be helpful in understanding the game experience of participants. 
Interviews gather insights about the game experiences of participants that cannot be easily 
measured by quantitative data. 
3.5 Thematic Analysis 
 
After collecting the interview data, I used NVivo6 (Gibbs 2002) to transcribe the data. I 
used thematic analysis (Braun & Clarke 2006) to analyse the data collected through the 
interviews. Thematic analysis is a method for identifying, analysing and reporting patterns 
(themes) within data. It helps organise comments, and describes a data set in (rich) detail 
(Boyatzis 1998). 
 
                                                
6 NVivo is a qualitative data analysis (QDA) computer software package produced by QSR 
International. It has been designed for qualitative researchers working with rich text-based and/or 
multimedia information, where deep levels of analysis on small or large volumes of data are required. 
 
 42 
Conducting thematic analysis 
The process starts when the analyst begins to notice and look for patterns of meaning 
and issues of potential interest reflecting on the player experience using the collected data 
(Braun & Clarke 2006). The endpoint is the reporting of the content and meaning of patterns 
(themes) in the data, where “themes are abstract and often fuzzy constructs of user 
experience patterns that researchers identify before, during, and after analysis” (Ryan & 
Bernard 2000). Analysis involves a constant moving back and forward between the entire 
data set, the coded extracts of data that one is analysing, and the analysis of the data that one 
is producing. The six phases of thematic analysis are shown in a consolidated table below 
(Braun & Clarke 2006). 
 
Table 1. The six steps of thematic analysis. 
I conduct a thematic analysis of the data collected to come up with four themes that 
affect the game experience of participants (discussed in 5.3). These four themes are built 
using the commentary and discussions with participants throughout the interviews. The 
themes articulate a set of breathing exercise game design strategies that I discuss in 5.4. 
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3.6 Conclusion 
 
In conclusion, the summary of my research methods is presented in table 2 shown 
below. In section 3.1, I present the conceptual framework consisting of Dimensions of 
Breathing that brings together the technology used and the purpose for which interactive 
media applications discussed in 2.2 were developed. I use the RtD approach to design my 
initial game prototypes that I are discussed in 4.1 and 4.2. Further, I conducted the FAOG 
on the initial game prototypes to determine the design primitives that I use to develop Life 
Tree (discussed in 4.2). These design primitives deduced from the initial prototypes helped 
me in the design of my final game Life Tree. I used the GEQ to collect survey data that might 
help understand the game experience of participants in a quantitative way. I also interviewed 
participants to gather qualitative data regarding the game experience of participants to 
support the collected quantitative data. I then conducted a thematic analysis of the data to 
come up with four themes that affect the game experience of participants that (discussed in 
5.3). These four themes were built using the discussions I had with participants throughout 
the interviews. These enabled me to articulate a set of breathing exercise game design 
strategies that I discuss in 5.4. 
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Approach Research through Design (RtD) 
Gameplay Analysis Formal Analysis of Gameplay 
Data Collection Survey player experience using Game Experience 
Questionnaire (GEQ). Video and audio recordings 
of playtests and semi-structured interviews. 
Data Analysis Thematic Analysis 
Outcome Key themes affecting breathing games and game 
design strategies to create breathing games. 
Purpose To address the research question, with the 
knowledge that is gained from the design 
evaluation of the three initial game prototypes I 
designed Life Tree. Using the discussions of the 
interviews with participants of Life Tree, I 
developed breathing game design strategies that 
future game designers may consider in order to 
design engaging breathing exercise games. 
 
Table 2. Summary of my research methodology. 
  
 45 
  
 46 
Chapter 4 : Designing Life Tree 
 
 
4.0 Overview 
 
In 4.1, I explain the design process followed to develop my three initial prototype 
games. In section 4.2, I describe the gameplay of my three prototypes and describe the 
components, actions and goals deduced by conducting a Formal Analysis of Gameplay. 
Furthermore, I present findings from the design of these prototypes that I used to develop 
Life Tree, my final game. In 4.3, I describe how I used the findings from my initial 
prototypes and the literature on breathing that I discussed in 2.1 to design Life Tree. 
4.1 Design Process 
 
In this section, I describe how I made use of the conceptual framework i.e., the 
dimensions of breathing described in 3.1; the purpose for which interactive media discussed 
in 2.2 has been developed; and the technology used to measure breathing when creating a 
breathing game design space. I used this framework to help in the design process of my 
three initial prototype games. Similar techniques in the form of ideation cards have been 
used in the design of mixed reality games by Wetzel et.al (2016). The breathing games 
design space (shown in figure 8) is created using three categories i.e., Category 1: 
Dimensions of Breathing, represented by cardboard circles (shown in figure 9) and 
discussed in 3.1; Category 2: Technology used to measure Dimensions of Breathing, 
represented by red triangles (shown in figure 10); and, Category 3: Purpose for which 
interactive media have been developed, represented by green squares (shown in figure 11). 
Figure 8 represents all parameters under these three categories and highlights how existing 
interactive media (represented in rectangular pieces) uses them all. If game designers wish 
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to do the same, they can use craft materials that make the brainstorming process fun and 
engaging. 
 
 
Figure 8. Parameters of the three categories arranged in relation to existing breathing games. 
 
 
 
Figure 9. Dimensions of breathing. 
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Figure 10. Technology that can measure breathing. 
 
 
 
Figure 11. The purpose for which breathing exercise games can be designed. 
 
Using the Breathing Games Design Space 
Once all the parameters under each category were arranged on a large surface (shown 
in figure 8), I mapped existing interactive media discussed in 2.2 and 2.3 (shown in figure 
12) with dimensions of breathing and technology used to measure breathing, in order to 
eliminate repetitive designs. After this, I came up with the design of my three initial 
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prototype games that I describe in 4.2. This design process used the breathing games design 
space that helped me decide on the following factors: 
 
 
Figure 12. Representation of interactive media using breathing as control mechanism. 
 
• Using category 1, Dimension of Breathing, I was able to identify and analyse the 
ways in which breathing feedback was used to eliminate choices that might not 
support well-being such as pausing your breath for a long time to control the 
crosshair in Serious Sam HD.  Further, the brainstorming session also helped me 
explore ways to provide breathing feedback to players; i.e. a feature that they can 
relate to things they do naturally such as blowing leaves, blowing balloons and more. 
• In order to calculate exhalation while practicing Pursed-Lip Breathing (PLB) and 
design an engaging experience while players practice PLB, I chose Breathing+ 
technology from category 2, Technology to Measure Breathing (described in 1.1). 
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• Using category 3, Purpose of the Game I decided to design breathing feedback in a 
way that helps players practice breathing exercises with improved focus over 
traditional breathing exercise applications in order to help them learn the PLB 
technique. 
 
Using the breathing games design space described above, I was able to identify, analyse 
and make choices to help me design my initial prototype games.  
4.2 Breathing Exercise Games – Initial Prototypes 
 
In this section, I discuss the design of my three initial breathing prototype games. I also 
discuss the design primitives i.e., components, actions, and goals deduced by conducting 
the Formal Analysis of Gameplay (FAOG) (Lankoski, Petri & Björk, Staffan 2015) on each 
of my three prototype games. 
 
 
Figure 13. My initial prototype games played by researchers. 
 
Prior to developing Life Tree, my final game, I experimented with different ways to 
design breathing feedback using Virtual Reality (VR) technology for players practicing 
breathing exercises. I designed different kinds of breathing feedback in three games called: 
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Space Gaze, Focus Tree, and Outlandish Whisper. My three prototype games were designed 
to assist players to practice pursed-lip breathing in an engaging way. I refined my initial 
ideas and prototypes by informally play testing them repeatedly with fellow game design 
researchers, practitioners of breathing exercises and researchers from fields outside of game 
design (e.g. architecture) interested in the application of virtual reality for breathing 
exercises (shown in figure 13). As breathing exercises are required to be practiced in short 
intervals (Hewitt 2012), all my three prototype games have a playtime of approximately 
three minutes per game.  
 
 
Prototype 1: Space Gaze 
In Space Gaze, players have to practice pursed-lip breathing to move in the virtual 
environment, collect oxygen and survive in the game. I explored the slow movement of the 
player’s viewpoint in the virtual environment of the game as breathing feedback and 
survival as the end goal for the game. Players see a blue shimmering light (shown in figure 
14) while wearing the head-mounted display. The player’s viewpoint moves upward in 
space on exhalation and moves down during inhalation to help players collect the oxygen. I 
conduct the FAOG on this game and describe the game in detail as below: 
 
Components 
The rules of the game are to practice pursed-lip breathing rhythmically. The player 
inhales and exhales for at least three seconds. Players have to collect a blue oxygen bottle 
in order to survive in the game. The bottle is placed at a distance that encourages the player 
to exhale longer i.e., greater than three seconds. After the player collects the oxygen, they 
fall back gently onto the surface of the moon. During their fall, players can view and enjoy 
the serenity of the environment that consists of meteor showers, the sun, galaxies and more. 
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Actions 
Exhalation triggers the upward movement of players and towards the oxygen, while 
inhalation triggers the gentle downward movement of the player. 
Goals 
The goal of the game is to survive in the game for as long as the players can. Their 
oxygen supply is indicated by a progress bar visible to players in the top left of the screen. 
 
 
 
Figure 14. Players have to collect the blue oxygen to survive in the game. 
By playing the game repeatedly, I concluded that the slow motion of the player’s 
viewpoint in the virtual environment helps them to focus on their breathing. It also appeared 
that survival as a mechanism in the game could distract players from focusing on their 
breathing and appeared to make them anxious. 
Prototype 2: Focus Tree 
In Focus Tree, the viewpoint of players slowly revolves around an island while players 
practice pursed-lip breathing. On inhaling, clouds cover the island to block the view of 
players; and on exhaling, clouds get blown away, allowing the players to view the island 
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(shown in figure 15). Trees start growing on the island when the players exhale.  The aim 
of the game is to grow as many trees as possible on the island within the time limit. Rhythmic 
breathing leads to the growth of more trees on the island and non-rhythmic breathing leads 
to lesser growth.  
 
 
Figure 15. Clouds that move on exhale and inhale and the growth of trees with rhythmic breathing. 
 
Components 
The components of the game are the trees and the clouds. In this game, I experimented 
with naturalistic visuals such as the trees, water, and clouds. 
Actions 
Inhalation brings clouds together and closes the players’ view of the island. On 
exhaling, the clouds move away from the screen, creating an illusion of being blown away 
to reveal the view of the island. Further, exhaling also triggers the growth of trees on the 
island.   
Goals 
The goal of the game is to grow as many trees as possible on the island. Further, the 
more rhythmically players breathe while playing the game, the greener the trees will be on 
the island. 
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Participants suggested that they liked the naturalistic game environment in the form of 
a green island, flowing water, trees growing and playing with the colours of the tree as a 
result of their breathing exercise. Players also liked how the feedback with the growth of 
trees on rhythmic breathing was embedded into the environment of the game.  
I also learned that the players did not like the idea of showing results numerically at the 
end of the game. Also, showing the remaining time during game play was seen as negative. 
It looked like the time being shown was causing stress to the players. 
 
Prototype 3: Outlandish Whisper 
In Outlandish Whisper, players dive into a world filled with ambiguous particles to 
practice pursed-lip breathing. I wanted to explore breathing feedback for inhalation and 
exhalation by allowing players to feel as if they are exhaling something out of their body 
and inhaling something into their body. When players inhale, they see that they are inhaling 
gold particles and when they exhale, they exhale red particles (figure 16. a and b). The 
rationale for selecting these colours was that gold represents fresh and pure oxygen and the 
red represents carbon dioxide. As feedback for rhythmic breathing, blue particles are 
generated whenever the game detects that the players are breathing in rhythm. When 
participants were breathing non-rhythmically, a pre-recorded voice instructed participants 
to gently focus on their breathing again.  
 
Components 
The components used in the game are red, golden and blue particles created using the 
Unity 3D game engine. 
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Actions 
The action of inhaling leads to the golden particles moving towards the players and that 
of exhaling leads to the red particles moving away from the player. 
Goals 
The goal of the game is to make the blue particles appear by practicing pursed-lip 
breathing rhythmically.  
 
 
Figure 16. 16a shows red particles on exhaling and 16b shows golden particles on inhaling. 
 
Prototype 3 helped me learn that players liked the responsiveness of the feedback on 
inhalation and exhalation. It seemed that players liked the subtleness of rhythmic breathing 
feedback embedded into the environment. I noticed that players liked the pre-recorded voice 
instructions before the game started, as they believed this helped them understand the goal 
of the game. Players did not like the pre-recorded voice instructions being played during the 
game as it seemed to distract them from focusing on their breathing. 
 
Game Name Mechanic Name Description 
Space Gaze 
Slow movement in 
virtual space 
The slow movement of the player's viewpoint in 
the virtual space helps them focus on their 
breathing 
Survival 
Using the survival mechanic in a breathing 
exercise game appeared to distract players' from 
focusing on their breathing 
Focus Tree Naturalistic Visuals 
It appeared as if the naturalistic visuals such as 
the tree, leafs and flowing water helped players' 
calm down while playing the game. 
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Usual Naturalistic visuals 
as feedback 
Using the environment to provide feedback to the 
players about their breathing helped them focus 
on their breathing while being focused and calm. 
Numerical Results about 
their breathing 
It appeared as if the time being shown for the 
remaining time left for the game made the players' 
anxious and distract them from their breathing 
pattern. 
Outlandish 
Whisper 
Responsiveness of the 
feedback 
It appeared as if the players liked how they were 
getting an immediate feedback with abstract 
particles used as part of the virtual environment's 
theme. 
Pre-recorded voice 
instructions prior to the 
game 
Players' liked the pre-recorded voice instructions 
before they played the game as it felt soothing. 
Pre-recorded voice 
instructions while 
playing the game 
Players suggested they did not like the pre-
recorded voice instructions while playing the 
game as it distracted them from focusing on their 
breathing pattern. 
 
Table 3. Consolidated findings table from the three initial prototypes. 
 
I used the findings in the table above to develop and design Life Tree, which I discuss in the 
next section. 
4.3 Life Tree: Design and Development 
 
My aim with the design of Life Tree was to create an immersive and playful way to 
practice pursed-lip breathing. I made the following design decisions using my findings from 
my initial three prototypes and based on the literature on breathing. Life Tree is a virtual 
reality game that helps players practice pursed-lip breathing. The environment of the game 
consists of a tree submerged in the middle of the water. The game lasts approximately two 
and a half minutes. Players wear the virtual reality HMD along with the Breathing+ headset 
described in 1.1.  
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Figure 17. 3D model of the tree used in life tree. 
 
As the game begins, a pre-recorded voice instruction informs players to sit down in the 
Mukthasana body posture i.e., sit down cross-legged (shown in figure 4). Once the players 
sit down, the game menu pops up. To start the game, players have to target (using head 
orientation) to aim the reticle (VR pointer) at the start button and exhale continuously for 
three seconds. Players can see the breathing feedback with the leaves on exhalation while 
performing exhalation to navigate in the game. This action performed by the players starts 
the game which triggers a rhythmic breathing voice in the background that lasts for 30 
seconds. Players can follow the rhythm by inhaling and exhaling for at least three seconds. 
If the gap in between each breathing cycle is more than one second, the game determines 
that the breathing of players is non-rhythmic and the system starts to blur the view of the 
player in the game. Further details of the design specifications are provided in Appendix A. 
The aim of the game is for players to make the tree as colourful as possible by breathing 
rhythmically and keeping the game in focus for as long as they can. 
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Designing Focus 
Practitioners of breathing exercises benefit from being able to focus on their breathing 
(Goleman 2013; Hewitt 2012). Players found the pre-recorded voice instructions in 
Outlandish Whisper distracting as it shifted their attention from their breathing to the voice 
of the instructor. Rather than use an instructor, which was distracting to the player, I used 
environmental feedback such as leaves falling off a tree to subtly indicate whether or not 
the player was breathing correctly. 
 
Players liked the use of naturalistic visuals in Focus Tree, with the trees, leaves and 
with water flowing on the island. Artists such as Char Davies (discussed in 2.2) used abstract 
naturalistic visuals successfully to support the notion of relaxation. I applied my findings 
from Focus Tree and designed naturalistic visuals for Life Tree in response to the players’ 
visual preferences. 
 
I used the minimalist design approach, which is defined as “design at its most basic, 
stripped of superfluous elements, colours, shapes and textures” (Carroll & van der Meij 
1998) to design a tree as the only visual component in the game. I chose an illustration of a 
tree from the works of Apostolescu (Apostolescu 2016) that used a colour palette discussed 
in 2.1 (Birren 2016). Players practice Pursed-Lip Breathing to produce the rendered image 
of the 3D model in my game (shown in figure 17). My design assists players maintain their 
attention towards the one specific point (the tree) in the virtual environment which provides 
the player with feedback on their breathing. 
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Nudging Players to Sit in a Cross Legged Position 
As discussed in 2.1, Mukthasana, one of the most basic cross-legged postures (Hewitt 
2012), is considered to be a good body posture while practicing breathing exercises. In order 
to nudge players into this body posture and play Life Tree, I used the accelerometer sensor 
in the smartphone. After the player exhales for three seconds to start the game, a soothing 
pre-recorded voice of a female asks the player to sit down in a cross-legged posture placing 
their hands on their thighs (shown in figure 18). I learned that participants liked the initial 
voice instructions before the game started and therefore, I used initial voice instructions to 
guide players into the right position before the start of the actual gameplay. An animation 
of the tree roots getting submerged into the water is played to make the players feel as if the 
tree is synchronising with their body movement while sitting down cross-legged. This 
creates an illusion of self-reflection by showing the animation of the tree getting submerged 
into the water when the game nudges players into the cross-legged body posture.  
 
 
 
Figure 18. Life Tree nudges players to sit-down cross legged. 
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Design for Self-awareness of Breathing 
Focusing on one’s breathing leads to self-awareness of not just one’s breathing pattern, 
but also one’s body movement while practicing breathing exercises (Hewitt 2012; Young 
2015). The tree sits in the middle of a water body (shown in figure 17) with the roots of the 
tree partly submerged in it. Players indicated that they did not like voice instructions during 
the game as it made them anxious and lose their focus on breathing. However, they liked 
the voice instructions at the beginning of the game as these made them feel welcome and 
helped them understand the goal of Life Tree. Further, I noted positive results of having 
embedded breathing feedback into the game’s virtual environment as per Focus Tree and 
Outlandish Whisper. Therefore, I used these findings to design breathing feedback for Life 
Tree. When a person inhales, the diaphragm is pushed down as the lungs get filled with air. 
The reverse occurs when a person exhales. I imagined the trunk of the tree in Life Tree to 
be the lungs of the player’s body and water as the diaphragm. When the player inhales, the 
trunk of the tree expands and the water level decreases. Similarly, when the player exhales, 
the trunk of the tree contracts (shown in figures 19a and 19b). Players found this relationship 
of their breathing pattern being replicated by the tree easy to understand. 
 
Furthermore, positive results were observed when I played with the colour of the tree 
to provide breathing feedback in Focus Tree. Therefore, I used similar tactics to design the 
end goal of Life Tree i.e., to fill colour into the tree by breathing rhythmically. The tree 
looks lifeless and is grey in colour at the beginning of the game. The tree is filled with colour 
exponentially as the player practices pursed-lip breathing (figure 21). The colourfulness of 
the tree, at the end of the game, depends on how rhythmically players were able to practice 
pursed-lip breathing. This change gives players a sense of fulfilment by way of “instilling 
life into the tree”.  
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Figure 19. 19a Shows the tree expanding when players inhale and 19b shows the tree contracting when players exhale. 
 
I used leaves (shown in figure 20 and 21) as a way to help players understand that their 
exhale was being recognised by the Breathing+ (Leskovsek 2015) headset. When players 
exhale, they can see leaves being blown towards the tree. This design feature aims to 
reassure players that their exhalation was being recognised by the sensor, which, in turn, 
helps them maintain focus on their breathing. 
 
 
 
Figure 20. Shows Life Tree at the start of the game along with the breathing feedback "Leaves getting blown towards the 
Tree" on exhaling. 
 
Breathing is widely considered as a subconscious activity that requires one to focus 
while practicing (McKeown 2008). Further, I observed that players liked the visual feedback 
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in the form of blue particles in Outlandish Whisper to know if they are breathing in rhythm 
or not. They seemed to prefer this visual feedback during the game over the pre-recorded 
voice instructions. In order to not distract them from focusing on their breathing, I slowly 
blurred the game’s view as a subtle way to give feedback to players that they were not 
breathing in rhythm. Further, I also changed the colour of the leaves from green to bluish 
green to indicate rhythmic breathing of the players. 
 
 
 
Figure 21. Shows Life Tree at the end of the game with the tree filled with colours. 
 
In summary, to support the idea of self-awareness of breathing, I used the environment 
of the game itself to give players feedback about their breathing by expanding and 
contracting the trunk of the tree, and gradually increasing the colour of the tree based on 
their breathing rhythm. Blurring the view of the players, and showing them that they were 
blowing leaves onto the tree when exhaling gave them feedback about their breathing 
rhythm. 
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Designing Audio 
The game starts after the players are nudged to sit down in the cross-legged posture. 
Once the game starts, players need to understand how they are to perform the breathing 
exercise in order to play the game. I wanted to avoid designing pre-recorded voice 
instructions playing in the background to instruct players about their breathing exercise.  
 
This process of instructing players about how to play the game is referred to as “on-
boarding” (Zichermann & Cunningham 2011). In Life Tree, I designed a rhythmic inhalation 
and exhalation sound that players can listen to at the start of the game to support an “on-
boarding of breathing exercise”.  The rhythmic breathing sound lasts for 30 seconds before 
fading out. I believe that this ambiguous breathing sound might help players understand the 
breathing exercise that they have to perform to play the game and does not distract them 
from their breathing. 
 
Thus, to on-board players onto the game and help them understand the breathing 
exercise that they have to perform, I made use of an ambiguous rhythmic breathing voice 
and played it subtly in the background for 30 seconds before fading it out. Also, to support 
the idea of relaxation while breathing, I used Indian classical instrumental music as the 
background musical score for the game. 
4.4 Conclusion 
 
In conclusion, the breathing exercise design space helped me identify, analyse and 
make choices that assisted the design of my initial prototype games. To explore and 
experiment with the breathing game design feedback, I designed three prototype games that 
help players practice PLB. Prototype 1, Space Gaze helped me learn that the slow motion 
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of the player’s viewpoint in the virtual environment helps them to focus on their breathing. 
It also appeared that survival as a mechanism in the game could distract players from 
focusing on their breathing and potentially make them anxious. The player’s response to the 
design of prototype 2, Focus Tree, suggested that they liked the naturalistic game 
environment as it helped them become calmer. They disliked the numerical data about their 
performance at the end of the game. Players of prototype 3, Outlandish Whisper quite liked 
the responsiveness of the feedback on inhalation and exhalation. It seemed that players liked 
the subtleness of rhythmic breathing feedback embedded into the environment. Further, I 
noted that players liked the pre-recorded voice instructions before the game started, as they 
believed this helped them understand the goal of the game. However, the voice instructions 
during gameplay were found to be highly distracting. 
 
Using my findings on what kind of breathing feedback players liked with the three 
prototype games and literature discussed on breathing in 2.1, I designed and developed Life 
Tree, my final game. The aim of Life Tree is for players to make the tree as colourful as 
possible by breathing rhythmically and keeping the game in focus for as long as they can. 
In order to help them achieve this, I used the theory of minimalist design to create the three-
dimensional game environment to assist focus for players while playing Life Tree. I 
emphasised the idea of self-reflection by showing the animation of the tree getting 
submerged into the water when the game nudges players into the cross-legged body posture. 
Further, to support breathing awareness while playing Life Tree, I used the environment of 
the game itself to give players feedback about their breathing and by blurring the view to 
give players feedback about their breathing rhythm. In order to on-board players and help 
them understand the breathing exercise that they have to perform to play the game, I made 
use of an ambiguous rhythmic breathing voice and played it subtly in the background for 30 
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seconds before fading it out. Lastly, to support relaxation while breathing, I used Indian 
classical instrumental music as the background musical score for the game. 
 
In the next chapter, I discuss how I conducted my study on Life Tree, analysed the data 
and then present my findings from the analysis. 
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Chapter 5 : Life Tree: Study, Analysis and 
Findings 
 
 
5.0 Overview 
 
In 5.1, I explain how I conducted my study and collected data from participants playing 
Life Tree. Section 5.2 describes how I analysed the interview data collected using thematic 
analysis and the data collected using the Game Experience Questionnaire (GEQ). In 5.3, I 
explain the overarching themes obtained by analysing the discussions with participants 
about their experience playing Life Tree. These descriptions include quotes from the 
participants that highlight their game experience. In 5.4, I articulate a set of prescriptive 
breathing exercise game design guidelines that may provide future game designers with 
strategies to develop engaging breathing exercise games. 
5.1 Study and Data Collection 
 
As a first step to conduct my study, I designed a poster (shown in Appendix B) to recruit 
participants for my study. This was posted on game developer and designer forums on 
Facebook, as well on the school’s notice board. Through the advertisement I recruited 32 
participants consisting of 16 males and 16 female participants. The average age of the 
participants was 25 with a standard deviation of 3. 
 
I set up the study area using a whiteboard with information about the study for 
participants to read. I placed a cushion on the floor for players to sit on so that they could 
sit cross-legged comfortably. Lastly, I arranged a couch nearby to facilitate an interview 
with the players about their experiences of Life Tree afterwards (shown in figure 22). 
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Figure 22. Study area set up for participants to play Life Tree. 
 
Prior to the start of the game session, I briefed participants about pursed-lip breathing 
and the game. As Life Tree was designed to be a two-and-a-half-minute game, participants 
were free to play the game multiple times. After the game session, all 32 participants 
answered survey questions from the Game Experience Questionnaire (GEQ) followed by a 
one-on-one interview of approximately 15 minutes during which they answered questions 
related to their game experience. These questions included inquiry into their feeling after 
the game session; pursed-lip breathing; situations in which they would like to play the game; 
and, follow-up questions based on their answers (Appendix C shows a list of questions that 
I used). Participants were recorded while playing the game and while they were being 
interviewed (see consent information Appendix B). 
5.2 Analysing Data 
 
Interviews of all the 32 participants were transcribed using the Nvivo Software (Gibbs 
2002). I placed my interview question and its respective answer one after the other while 
transcribing and considered it to be one-unit data (in total, there were 642 units of data).  
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As a first step toward analysing my data, I conducted a thematic analysis (Braun & 
Clarke 2006). I and one other researcher read all the 642 units of the data three times 
independently of each other to identify every data unit with a category code. Category codes 
are key words given to units of interview data. For example, Understanding Breathing 
Feedback was the category code assigned to every unit of data that reflected on the how 
participants experienced and perceived the breathing feedback in Life Tree. These 
independent category codes were discussed and refined separately until we agreed upon a 
total of 25 category codes. The category codes were then examined and cross-referenced 
with the data units and further analysed to uncover four overarching themes that affected 
player experience. These were again reviewed by both the researchers. 
 
 
Figure 23. Word cloud obtained using Nvivo from the interview data. 
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A word cloud (see figure. 23) was generated by the Nvivo software using the interview 
data, as shown in figure 23. The word cloud is a collection of highly used words with at 
least three characters used during the interviews. The bigger the word appears on the word 
cloud; the more number of times it has been used in the interviews. This was a useful visual 
representation of qualitative data that enabled me to understand the game experience of 
participants at a glance. Clicking on each word allowed me to read the full sentence in which 
these words have been used by participants and thus helped me to gain insight into the 
context of usage. I used full sentences as quotes from participants to break down their 
experience while describing the overarching themes that affected their game experience in 
5.3, below. 
 
5.2.1 Analysis of the GEQ Data 
 
In this section, I present in graph 1 and 2 the game experience parameters measured by 
the survey questions participants answered after the game session. The Game Experience 
Questionnaire (GEQ) discussed in 3.4 has four modules: (i) Core Module; (ii) Social 
Presence Module; (iii) In-Game Module; and, (iv) Post-Game Module. The social presence 
module of the GEQ with Life Tree was not used as there is no aspect of multiplayer. 
Furthermore, the in-game module questions are a subset duplication of the core-module 
questions and therefore were not required. The measured game experience parameters are 
presented in the form of a bar graph, below, for: (i) The Core-Module; and, (ii) The Post-
Game Module (shown in graph 2). 
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Core Module 
 
 
 
Graph 1. Likert scale data of game experience parameters obtained using the core-module of the game experience 
questionnaire. 
 
Post-Game Module 
 
 
 
Graph 2. Likert scale data of game experience parameters obtained using the post-game module of the game experience 
questionnaire. 
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To summarize my analysis, I used Nvivo software to transcribe my interviews to 
produce 642 units of data (see Appendix G for original data source). I conducted a thematic 
analysis on the transcribed data along with another researcher to come up with twenty-five 
category codes in four overarching themes that affected game experience of the participants. 
The results of the game experience questionnaire are important to my research as I refer 
back to the quantitative results while describing the themes affecting player experience in 
5.3. 
5.3 Interviews Leading to Themes 
 
The discussion with participants during the interviews after their game session 
identified four overarching themes affecting the breathing exercise game experience of 
participants: 1) Designing breathing feedback; 2) Increasing self-awareness of breathing and 
body; 3) Facilitating focus to support temporality; and, 4) Engagement with breathing 
hardware. In the next sections, I will describe the four themes along with example quotes 
from the interviews as representative answers given by participants affecting their game 
experience. 
 
5.3.1 Theme 1: Designing breathing feedback 
 
This theme describes participants’ discussion of the design of the breathing feedback 
in Life Tree. 174 of the total 642 units of data were described by this theme, which consists 
of two category codes: 1) Initial breathing guidance (Mentioned in 68 units); and, 2) Non-
interruptive breathing feedback during gameplay (Mentioned in 106 units). 
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Initial Breathing Guidance 
Twenty-two of the 32 participants liked the rhythmic breathing voice at the beginning 
of the game. The 22 participants had prior experience of using breathing exercise 
applications like the Headspace app (Headspace 2010; Plaza et al. 2013) and believed that 
the initial breathing voice was enough to understand that they had to breathe rhythmically 
to play the game. We believe that a relatively large number of participants already interested 
in the practice of breathing exercises took part in the study because of the design of our 
participant recruitment poster (see Appendix C).  
 
 The remaining 10 participants did not have prior experience of using breathing exercise 
applications. These participants liked the idea of the ambiguous breathing voice at the 
beginning, but they had difficulty understanding its purpose. This is reflected by the average 
score of “4” (Standard Deviation = 1.3) for the parameter Competence measured with the 
help of the Game Experience Questionnaire (GEQ) discussed in 5.3. Competence is the 
ability to perform a particular task in a game (Salen & Zimmerman 2004) and in this case, 
it is the practice of pursed-lip breathing rhythmically. P26, a male participant said, “the bit 
that I did not like was the breathing sound at the beginning as I did not know if I was 
supposed to follow that pattern or not”. Seven of these 10 participants suggested adding a 
tutorial mode at the beginning of the game. P3, a male and P11, a female said, “it was a 
little hard to understand the game at the beginning. A little bit more instructions, maybe a 
guided tutorial mode would be really good to go with”. 
 
Non-interruptive breathing feedback during gameplay 
Participants discussed the non-interruptive nature of the breathing feedback extensively 
i.e., the way in which feedback kept them informed about their breathing while ensuring 
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they do not lose attention on their breathing rhythm. This seems to resonate with the high 
score of “6” (Standard Deviation = 0.89) for the parameter Flow measured with the help of 
the Game Experience Questionnaire (GEQ) discussed in 5.3. Flow refers to the mental state 
of operation in which players performing actions in a game are fully immersed in a feeling 
of energised focus, full involvement, and enjoying the actions they are performing in the 
game (Chen 2007; Cowley et al. 2008). All the 32 participants liked the feedback with green 
leaves that they saw on exhalation. Participant P3 said, “I liked the visual representation of 
the breathing in the form of leaves. It showed me how I was exhaling, how hard I was 
exhaling and whether I was exhaling or not”. Participant P1 said, when asked about the one 
thing she would like to keep in the game, “just that sense of reassurance that you are doing 
it right and not in your face about it. The visual aspect of leaves getting blown towards the 
tree was quite intelligent because it shows that you are doing well and it nudges you towards 
the right desired behaviour”.  
 
When participants were asked about how they felt about the screen getting blurred on 
breathing non-rhythmically, 10 participants said that they did not see the game getting 
blurred as they were breathing in the desired rhythm throughout the game. Seventeen out of 
the remaining 22 participants liked how the game informed and nudged them in a subtle 
way when they went out of rhythm by blurring the view of the game. Participant P17 said, 
when asked about the one thing he wanted to keep in the game, “The blurry part of the 
game. It helps me understand if I am breathing rhythmically or not in a way that does not 
distract me from my breathing”. All participants noticed the feedback with leaves and 
enjoyed the experience of blowing leaves onto the tree as a visual cue for exhalation. 
Participant P2 said, “I like the visual aspect of the leaves and I thought it was quite 
intelligent. I like it because it showed me that I was performing my breathing exercise well 
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and pushed me to perform this desired behaviour.” I noted that participants enjoyed seeing 
the tree become colourful over the course of the game. P4, a participant said, “It felt like I 
was giving life to the tree because I saw colours creeping into it and it also helped me 
understand that I was breathing rhythmically”.  
 
I embedded the breathing feedback into the tree trunk i.e., the environment of the game, 
to help players become self-aware of their own body with respect to their breathing. This 
design feature appeared to help achieve self-awareness of breathing. P4, a male participant 
said, “The tree changes its form based on my exhalation and inhalations. This helped me 
become aware of my own breathing”.  While participants became self-aware of their own 
breathing with the help of this feature, 10 participants also perceived this as imitation of 
their own breathing and enjoyed the tree imitating their breathing pattern. These participants 
also suggested that this imitation encouraged them to breathe rhythmically. Participant P32 
said, “The breathing of the tree was imitating my breathing pattern. I felt that there was 
someone else breathing along with the tree. It was kind of prompting me to breathe 
rhythmically”. I observed that 22 participants liked my design choice with embedding 
classical Indian music as the background music while playing the game. These participants 
felt the music helped them calm their nerves and relax. Participant P3 said, “The kind of 
music that was playing along with the game was very fascinating as it made me feel relaxed 
and calmed my nerves”. 
 
Sensory and Imaginative Immersion scored high i.e., “5” (Standard Deviation = 1.09) 
on the Likert Scale when measured using the Core-Module of the GEQ discussed in 5.3. I 
believe that this parameter was quite high because 22 participants said that they were 
imagining things in the game that were not part of the Life Tree’s design. Participant P12 
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said, “It was interesting as I was enjoying the seasons in the game. I felt like I was in spring 
season then later I felt I was in autumn because what I was seeing made me feel very creative 
and imaginative.” I use the word imaginative as the colours changing in the tree due to their 
rhythmic breathing were never meant to be perceived as change in seasons. However, it 
looked like the combination of the features helped them imagine things that were actually 
not a part of the design. 
 
In summary, Theme 1: Designing breathing feedback describes the discussion I had 
with participants regarding the breathing feedback I designed for Life Tree. While 22 
participants who had experience using breathing exercise applications liked the interaction 
with the leaves getting blown towards the tree, increasing colour of the tree on rhythmic 
breathing, water level rising, contraction and relaxation of the tree trunk on exhalation and 
inhalation; 10 participants who had no prior experience found it challenging to get 
accustomed to the breathing exercise. I used the rhythmic breathing voice in order help 
players understand the kind of breathing action they had to perform in the game, however, 
the inexperienced participants wished this rhythmic breathing voice was supported by voice 
instructions. 
 
5.3.2 Theme 2: Increasing self-awareness of breathing and body 
 
This theme describes how Life Tree helped participants become self-aware of their 
breathing in particular and more generally their body. Ninety-three of the total 642 units of 
data were described by this theme, which consists of three category codes; 1) Awareness of 
body movement (Mentioned in 19 units); 2) Mindful practice of breathing exercises 
(Mentioned in 44 units); and, 3) Feeling after the game session (Mentioned in 28 units). 
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Awareness of body movement 
Twenty-nine participants commented on how Life Tree made them more aware of their 
breathing and body movement while playing. P9, a female participant said, “I was able to 
feel my own breathing. I was also able to experience my whole body move and I could hear 
my heart beat as well”. When participants were asked about what facilitated this self-
awareness, they said that the synchronization between their breathing pattern and breathing 
feedback in the game pushed them to concentrate and continue breathing rhythmically. P7, 
a male participant said, “It made my body feel good while I was exerting that pressure on 
my diaphragm and lungs. It also made me feel satisfied that I was able to see the game’s 
response towards my breathing”.  
 
Mindful practice of breathing exercises 
Eighteen participants discussed how the blurring of the game’s view on breathing non-
rhythmically nudged them to become mindful about their breathing and pushed them to 
breathe rhythmically. P23, a female participant said, “I felt that I was not doing it right and 
that is why the tree is not in focus. To get back into rhythm I had to become more aware of 
my abdomen expanding and contracting to get it into a rhythm”. As described by Bergomi 
et al. (2013) in 2.1.1, this process of becoming self-aware of their own feelings and inner 
sensations is referred to as awareness towards inner experiences, one of the factors that 
helps players becoming mindful about their breathing while practicing breathing exercises. 
Eight participants even compared the experience of playing Life Tree to applications they 
use in general to practice mindfulness, which involves the practice of breathing exercises 
such as Headspace app. They suggested that the breathing feedback in Life Tree helped 
them become aware and in turn, become more mindful, of their breathing. Participant P9 
said, “I felt more aware of my breathing while playing Life Tree than while using the 
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application I generally use i.e., Headspace (Headspace 2010). I guess it is because of the 
more interactive nature of this game where you visualize how you’re breathing”. 
 
Feeling after the game session 
Twenty-six participants discussed how the game made them feel good after playing it. 
Eight participants spoke about how they felt exhausted in a good way. For example, P10, a 
female participant said, “I feel a little exhausted after playing the game but I feel that this 
is good exhaustion”. This reflects on the high score of “4” (Standard Deviation = 1) for the 
parameter Tiredness measured using the Post-Game Module of GEQ discussed in 5.3.  
 
Twenty-two participants spoke about becoming calmer and feeling good about 
themselves after the game session. P29, a male participant said, “After I finished playing the 
game I felt quite good and happier than I was before playing the game”. I believe that this 
post-game feeling was a result of the virtual environment and the soothing music. For 
example, P16, a female participant explained, “I feel very peaceful and relaxed after playing 
the game. I get this feeling because of the environment in the game and the music”. P3, a 
male participant, mentioned how the music made him calmer and said, “The kind of music 
that was playing along with the game was very fascinating as it made me feel relaxed and 
calmed my nerves”. This discussion reflects on the high score of “5” (Standard Deviation = 
1.4) for the parameter of Positive Experience measured using the Post-Game Module of 
GEQ discussed in 5.3. 
 
In summary, Theme 2: Increasing self-awareness of body and breathing describes the 
discussion I had with participants about how playing Life Tree made them more self-aware 
of body and breathing. Twenty-nine of the 32 participants thought that playing Life Tree 
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helped them become self-aware of their breathing. I note that this in consequence to the 
synchronisation between their breathing and the feedback using the game environment. 
Eight participants thought that playing the game made them more self-aware and mindful 
of their breathing than the mindfulness application, Headspace (2010). Participants 
suggested that this was due to the interactive nature of Life Tree and how it pushed them to 
become mindful by observing the changes in the game environment because of their 
breathing.  Lastly, I note that 8 participants enjoyed the exertion that the game encouraged 
and 26 participants felt better than before i.e., more relaxed after playing the game.  
 
5.3.3 Theme 3: Facilitating focused immersion 
 
This theme describes how Life Tree helped participants experience focused immersion. 
Focused immersion is referred to as a state of mind experienced by players while doing an 
activity in which they feel that the time flies in the game (Agarwal & Karahanna 2000). 
Buddhist meditation practices provide a wide array of objects to focus on while practicing 
breathing exercises and it is believed that focused immersion is crucial to appreciate the 
practice of breathing exercises (Raz & Lifshitz 2016). One hundred and fifty-seven units of 
the total 642 units of data were characterised by this theme, consisting of two category 
codes: 1) Breathing as the focal point (Mentioned in 58 units); and, 2) Immersion leading 
to flow (Mentioned in 99 units). 
 
Breathing as the focal point 
Breathing exercises require focus (Ampofo 2015; Goleman 2013), and 24 participants 
said that they were able to focus on their breathing while playing Life Tree. P17, a male 
participant said, “I try to practice breathing exercises with my partner but I find it very 
difficult to not let my mind wander. So, one thing I particularly liked about it was it gave me 
something to focus on. I can usually wait for a while and listen to my breathing, but I over 
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think a lot anyway and this was cool about the game, because at least for the time I was 
playing the game, I was looking at the tree and focusing on the game and the environment 
and did not think a lot about other things”. This strengthens my belief that a simplistic 
visual design allows participants to focus on their breathing while giving them enough 
breathing feedback to understand and alter their breathing pattern, if necessary. Further, the 
use of an HMD also appeared to contribute to make the participants feel focused while 
playing the game, as 20 participants spoke about how immersive an experience Life Tree 
was for them. For example, P26, a male participant said, “I was really engrossed in the 
game and I was not really thinking of anything else”. 
 
 
Figure 24. Participant playing Life Tree. 
 
Immersion leading to flow 
Players of Life Tree suggested that they felt the repetitive nature of the task in the game 
i.e., rhythmic breathing was one reason why they felt immersed when playing the game. 
Participant P4 said that, “Because it was an easy, repetitive thing to do and once you got 
the hang of it, I did not really need to consciously think about it as I was totally immersed 
while enjoying the responsiveness of the feedback I got with my breathing”. This suggests 
that the rhythmic breathing activity in the game was synchronised with the responsiveness 
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of the breathing feedback, which might create this feeling in participants. This can further 
be supported by the score of “6” (Standard Deviation = 0.94) for the parameter of Sensory 
and Imaginative Immersion measured using the In-Game Module of GEQ discussed in 5.3. 
While 30 participants thought of rhythmic breathing as an easy repetitive action, 16 
participants found it to be challenging, as they still had to focus on their breathing to ensure 
it was rhythmic. P8, a female participant said, “It was quite fun to see the leaves being blown 
towards the tree and then challenging myself to focus more on my breath to breathe 
rhythmically”. These descriptions by the participants reflect on the score of “4” (Standard 
Deviation = 0.72) for the parameter of Challenge measured using the Core-Game Module 
of GEQ discussed in 5.3. 
 
As participants started to get a hang of what they had to do in the game, they appeared 
to experience being in a state of flow, which is an altered sense of time (Chen 2007; 
Csikszentmihalyi 1996; Sweetser & Wyeth 2005). P32, a female participant said, “I know 
a few people who do meditation and I know how difficult it is to focus on your breathing. 
And two and a half minutes, I did not even realize. I thought it was like 20 seconds or 
something. I felt the time fly by when I was playing the game”. The discussions in this theme 
are probably a reason why the parameter of Flow, a state of mind achieved through focused 
immersion (Agarwal & Karahanna 2000; Csikszentmihalyi 1996), scored “6” (Standard 
Deviation = 1.19) on the Likert scale. This parameter of Flow was measured using the Core-
Module of the GEQ discussed in 5.3. 
 
To summarise Theme 3: Facilitating focused immersion, describes the discussion I had 
with participants regarding how Life Tree helped them immerse in a way that made them 
feel that the two-and-a-half-minutes flew by. Results suggest that this could probably be the 
result of the rhythmic activity of breathing in Life Tree. Further, participants suggested that 
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the gameplay felt immersive as it had minimal focal points to concentrate on and allowed 
them to focus on their breathing. Overall, these features together with the responsiveness of 
the breathing feedback allowed them to experience Focused Immersion while playing Life 
Tree.  
 
5.3.4 Theme 4: Engagement with breathing hardware 
 
The technology I used i.e., Breathing+ is a headset that has a microphone right in front 
of the participants’ mouth as shown in Figure 2. This theme describes the technology used 
to sense breathing in Life Tree. Eighty-three of the total 642 units of data were characterised 
by this theme, consisting of two category codes: 1) Awareness of breathing with hardware 
(Mentioned in 66 units); and, 2) Ease of using the breathing hardware (Mentioned in 17 
units). 
 
Awareness of breathing with hardware 
Twelve participants mentioned that apart from the breathing feedback, the breathing 
headset also helped them become more aware of their breathing. They pointed out that 
breathing into the headset helped them become more self-aware of their breathing as they 
were able to hear their own breathing sound reverberating through the microphone in front 
of them. P2, a male participant said, “I could also feel the sound of my breath through the 
mouthpiece as well. I could also hear the air going through the little hole in the front. How 
this helped me is, it gave me a sense of understanding if I was breathing correctly into the 
headset or not and then, the feedback with leaves complemented this pattern”. This indicates 
that the physical design of the sensor could additionally help participants receive breathing 
feedback, at least on exhalation.  
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Ease of using the breathing hardware 
Participants adjusted their headset to ensure that the microphone was close enough to 
their mouth. However, participants could not adjust the width (i.e., loosen the headset to fit 
the size of their face) of the headset and 7 of them discussed how uncomfortable wearing 
the headset felt while playing the game. P24, a male participant said, “I was really not 
comfortable wearing the headset as my head is a little too wide”. Furthermore, the 
microphone only had a small hole in front of their mouth and they had to aim and blow into 
the hole to register their exhale. P8, a female participant said, “I sometimes had to exhale 
quite hard and sometimes had to aim into the microphone for it to register my breathing”. 
Participants also suggested that due to this uncomfortable feeling, they had to adjust their 
headset a few times while playing the game and in consequence lose focus on their 
breathing. Participant P14 said, “I was enjoying the visuals and the breathing feedback but 
then suddenly I had to adjust my breathing headset over my ear and this disturbed by rhythm 
and focus”. 
 
In summary, Theme 4: Engagement with breathing hardware describes the discussion 
I had with participants regarding how the breathing hardware increased awareness towards 
their breathing and the ease of using the breathing hardware. Results suggest that the 
participants being able to hear their own breathing sound caused by the microphone in front 
of their mouth might have helped increase their breathing awareness. Furthermore, 7 players 
who felt uncomfortable wearing the breathing hardware suggested that they lost attention 
towards their breathing while playing Life Tree.  
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5.4 Results: Strategies to Design Breathing Exercise Games 
 
My research aims to understand the experience of participants who played Life Tree as 
discussed through the four themes. In the following sections I present a set of breathing 
exercise game design strategies based on the reported experience of my participants as well 
as my craft knowledge having designed the three prototype games and Life Tree. I reference 
this discussion back to each of the themes. 
 
5.4.1 Consider using on-boarding to help players understand the breathing 
exercise 
 
It is recommended that breathing exercises should be practiced in short intervals to 
acquire good breathing techniques (Hewitt, 2012). My results with Initial breathing 
guidance under “Theme 1: Designing breathing feedback” suggest that participants enjoyed 
playing the breathing exercise game, Life Tree. However, understanding how to perform the 
breathing exercise could be challenging because players might not have prior experience to 
practicing breathing exercises. Results of Life Tree suggest that experienced players 
understood and liked the subtle use of “the rhythmic breathing voice” in the background and 
suggested that it helped them understand the breathing pattern they had to follow to play the 
game. However, inexperienced players valued pre-recorded voice instructions to help 
understand the breathing pattern they had to follow to play the game. On the whole, 
participants liked the subtleness of feedback and they also suggested that it helped them 
understand the actions in the game without disturbing their focus on breathing. 
Consequently, I suggest designers consider what I call “on-boarding”, as previously 
suggested by Zichermann and Cunningham (2011), by which I mean informing players 
regarding the actions (rhythmic breathing in Life Tree) they have to perform in the game. 
Based on my results, I extend the notion of “on-boarding” to the design of breathing exercise 
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games and recommend designers consider the use of subtle audio visual feedback that 
allows players to understand the actions they have to perform in the game while sustaining 
their focus on breathing. Furthermore, designers may also want to consider designing on-
boarding for both, inexperienced and experienced breathing exercise game players by using 
pre-recorded voice instructions and keeping it optional for users to turn it off and on when 
required. 
 
5.4.2 Consider using non-interruptive breathing feedback to support awareness 
of breathing during gameplay 
 
Players can better practice breathing exercises if they become aware of their breathing 
pattern. (Cooper et al. 2003). My results with Non-interruptive breathing feedback during 
gameplay under “Theme 1: Designing breathing feedback” and “Theme 3: Facilitating 
focused immersion” indicate that players can profit from designing an immersive 
environment for breathing exercise games. Participants suggested that the synchronous 
breathing feedback with the trees, the leaves getting blown onto the tree helped in the overall 
development of Life Tree’s immersive nature. Participants suggested that they became 
aware of their breathing as a consequence of this Life Tree’s game environment. Another 
finding from theme 1, theme 3 and the initial game prototypes is that players liked how the 
use of a HMD helped them focus on the game and cut out external distractions. This reflects 
on the score of “5” (Standard Deviation = 1.06) for the parameter of Sensory and 
Imaginative Immersion measured using the Core-Game Module of GEQ discussed in 5.3. I 
believe that this might have contributed to the immersive nature of the game.  As previously 
suggested by Chen (2007), an immersive environment can be created by designing feedback 
that does not distract players from the task that they are doing. Further, Bouvier et al. (2008) 
suggested that an immersive environment can heighten the self-awareness of players while 
playing games. Based on my results, I recommend that designers consider using what I call 
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“Non-interruptive breathing feedback during gameplay”, which means designing breathing 
feedback during gameplay to create an immersive game environment while nourishing and 
amplifying the player’s self-awareness of their breathing pattern. 
 
5.4.3 Consider using the minimalist approach to design naturalistic visuals to 
help players focus on their breathing 
 
Players need to focus on their breathing while practicing breathing exercises (Hewitt 
2012). Further, breathing exercises should also help players to relax themselves and calm 
their minds (Amon & Campbell 2008; Ampofo 2015). My results from “Theme 2: Self-
awareness of Breathing and Body” and “Theme 3: Facilitating focused immersion” suggest 
that players enjoyed the simplistic visuals in Life Tree.  I noted that this simplistic visual 
design in the game helped them focus better on their breathing pattern. Players also 
suggested that they liked how naturalistic the visuals were in Life Tree and how this helped 
foster relaxation and calm their minds. “Naturalistic” here refers to natural objects such as 
the tree, leaves and water in the game. As previously suggested by Carroll and Meij (1998), 
following “The Minimalist Approach”, defined as “designing for focus by showing things 
that matter the most for effective learning and performance” helps foster focus in the minds 
of players. Based on my results, I extend this notion of “The Minimalist Approach” to 
breathing exercise games and recommend designers consider the following approaches to 
foster focus in the minds of players: 
• Designers can consider designing a minimal number of focal points in the game to help 
nurture focus in the minds of players while playing breathing exercise games. 
• Designers may consider designing naturalistic visuals when designing their game 
environment to help players relax and become calm while playing breathing exercise 
games. 
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5.4.4 Consider designing a guided setup for breathing to help players avoid a 
negative feedback loop 
 
Kirschner (Kirschner et al. 2006) says that guided tasks can prove effective in the 
learning process compared to unguided tasks. Our results with Theme 1, Designing 
Breathing Feedback and Theme 4, Engagement with Breathing Hardware suggest that 
players liked the idea of being eased into the breathing feedback when they are wearing the 
breathing hardware. Specific to Life Tree, I designed the navigation system (menu system) 
in a way that requires players to target the VR pointer (reticle) at a menu button and exhale 
longer than 3 seconds in order to trigger the menu option. Further, when players exhale to 
open up a menu option, they can see the breathing feedback with the green leaves being 
blown away from them.  I note that when participants were exposed to the breathing 
feedback directly in the initial prototype games, it seemed to make them concerned and 
distracted. However, when they were eased into using the breathing feedback with Life Tree 
it did not seem to affect them negatively. Using exhalation to navigate through the game 
menu while being able to see the visual feedback, assisted participants to understand the 
kind of interaction their breathing initiated.  An affective feedback loop is often assumed to 
be the subjective feeling reported by the user in response to stimuli (Novak et al. 2014). 
Here, the reported subjective feeling is concern when players are not eased into the stimuli, 
i.e., the breathing feedback. Based on my results, I extend the notion of a guided setup for 
breathing. I recommend game designers design their games in a way that allows players to 
experience the breathing feedback before the game starts. This might help players avoid a 
negative feedback loop and help sustain awareness of breathing. 
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5.4.5 Consider the intimate placement of breathing hardware and how it can 
affect breathing performance in the design process 
 
Being comfortable with the technology that players wear to play games is an important 
factor to consider (Gemperle et al. 1998). Gemperle et al. defines wearability as, “the 
interaction between the human body and the wearable object” (1998). Our results with 
Theme 4, Engagement with Breathing Hardware suggest that hardware used to measure 
breathing in the game needs to be comfortable and considerate that everyone’s body is 
different. My results suggest that participants lost their attention on breathing a few times 
due to irritation caused by the obstructive nature of the hardware design. Participants 
suggested that the breathing hardware was unable to sense heir breathing a few times while 
playing Life Tree and this resulted in loss of focus on their breathing (shown in figure 25).  
 
 
 
Figure 25. Player adjusts headset to register exhalation into the microphone causing loss of focus on their breathing. 
Gemperle et al. (1998) suggest that the word ‘wearable’ implies the use of the human 
body as a support environment for the hardware product. To support the wearability of a 
wearable they suggest 13 guidelines such as considering unobtrusive placement, considering 
size variation, considering comfortable attachments, considering the sensory interaction and 
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more to design a hardware product. I extend this notion of wearability to consider the 
following approaches to design breathing hardware that support the design of breathing 
exercise games: 
• Players need to focus on their breathing while playing breathing exercise games. I 
recommend game designers choose technology and hardware that are comfortable to 
wear. As a first step towards designing a stable, solid and comfortable wearable, 
designers might want to think of the following two ways to design for size variations:  
o Design for adjustability; for example: by using straps that can be extended as 
seen on backpacking equipment that fit either on the waist or the face, two of 
the most frequently used body parts that support the placement of breathing 
hardware used in interactive media discussed in 2.2. 
o The breathing hardware should have high accuracy to ensure that every breath 
by player is provided with breathing feedback. I suggest breathing hardware 
designers consider using sensors that cover a larger area to increase accuracy 
when sensing breathing. This, in turn, increases focus of players on their 
breathing.  
• Since breathing is a bodily activity, a full body clothing system could also be designed 
to measure dimensions of breathing as discussed in 2.2. This form of hardware design 
to measure breathing could increase the factor of wearability by using the standardised 
sizing systems from the clothing industry. 
 
Do I feel comfortable and secure when I put on this wearable device and practice 
breathing exercises? Does the wearable restrict the free movement of any part of my body 
while practicing breathing exercises? These questions posed by Gemperle et al. (1998) can 
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be extended to breathing hardware design to assist designers refine and increase the 
wearability of devices that measure breathing. 
 
5.4.6 Consider designing breathing hardware that helps players hear their own 
breathing in order to increase self-awareness of breathing 
 
Section 5.5.2 describes how self-awareness of breathing can be increased by designing 
Non-interruptive breathing feedback. In this section, I suggest how self-awareness of 
breathing can be increased with the choice of sensors used in the design of hardware to 
measure breathing.  Our results with Theme 4, Engagement with Breathing Hardware 
suggest that participants liked to hear their own breathing sound and that hardware used to 
measure breathing in the game can increase self-awareness of the players’ breathing. As 
elicited by Gemperle et al., (1998), sensory interaction includes both the active and passive 
interaction that is a valuable feature of any wearable device. Active refers to the primary 
function of the wearable and passive refers to the additional function perceived by the users. 
According to these researchers, it is important to be sensitive to how one interacts with a 
wearable, something that is placed on the human body. I acknowledge this and extend this 
notion to the design of hardware that detects breathing. Therefore, I recommend hardware 
designers use sensors that capture the sounds of the players’ breathing and replay the 
amplified sound back to the players in real-time. This assists players become aware of their 
own breathing pattern while playing the game. 
 
To summarize this section, I articulate breathing game design strategies using the 
themes that affected the participants’ experiences playing Life Tree. The strategies described 
are prescriptive unlike the more descriptive themes presented in 5.3. Future game designers 
may consider using the breathing exercise game design strategies: 1) Consider using on-
boarding to help players understand the breathing exercise; 2) Consider using non-
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interruptive breathing feedback to support self-awareness of breathing during gameplay; 3) 
Consider using the minimalist approach to design naturalistic visuals to help players focus 
on their breathing; 4) Consider designing a guided setup for breathing to help players avoid 
a negative feedback loop; 5) Consider the intimate placement of breathing hardware and how 
it can affect breathing performance in the design process; and, 6) Consider designing 
breathing hardware that helps players hear their own breathing in order to increase self-
awareness of breathing. 
5.5 Conclusion 
 
In conclusion, I recruited 32 participants to play Life Tree, a two-and-a-half-minute 
virtual reality game that helps them practice Pursed-Lip Breathing. After the game session 
participants answered survey questions from the Game Experience Questionnaire (GEQ) 
followed by a one-on-one interview where they answered questions related to their game 
experience. I used Nvivo software to transcribe my interviews to develop 642 units of data. 
I conducted a thematic analysis on the transcribed data along with another researcher to come 
up with 25 category codes that were deemed appropriate. The results of the game experience 
questionnaire enabled me to understand the player experience in 5.3 and develop four themes 
using the narratives collected through the interviews.  
 
In response to the four themes, I have developed six strategies that may assist future 
game designers develop breathing exercise games: (1) Use on boarding to help players 
understand the breathing exercise; (2) Use non-interruptive breathing feedback to support 
self-awareness of breathing; (3) Use the minimalist approach and design visuals to support 
focus; (4) Design breathing hardware that is wearable; (5) Use sensors to design breathing 
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hardware increases self-awareness of breathing; and, (6) Design a guided-setup to help 
players get accustomed to the virtual reality environment.  
 
In the next chapter, I conclude my research and discuss my future work 
 
Theme Name Theme Description 
Designing 
breathing 
feedback 
This theme describes the experience that participants had with the 
breathing feedback designed in the game while playing Life Tree. 
The two topics that were highly discussed are: (i) the design of 
the initial breathing guidance (see 5.3.1) and, (ii) the design of 
non-interruptive breathing feedback during gameplay (see 5.3.1). 
Increasing self-
awareness of 
body and 
breathing 
This theme describes the experience of how playing Life Tree 
helped them increase awareness of their body and breathing. The 
three topics that were highly discussed are: (i) how they were 
aware of their body movement (see 5.3.2), (ii) how the game 
helped them practice breathing exercises mindfully (see 5.3.2) 
and, (iii) their feeling after the game session (see 5.3.2).  
Facilitating 
focused 
immersion 
This theme describes how Life Tree helped participants 
experience focused immersion i.e., how it helped them focus on 
their breathing while making them feel that time was flying by. 
The two topics that were highly discussed are: (i) how breathing 
was their focal point (see 5.3.3) and, (ii) how the immersive 
elements that lead them to experience flow (see 5.3.3). 
Engagement with 
breathing 
hardware 
This theme describes the technology used to sense breathing in 
Life Tree and how the technology kept the participants engaged. 
The two highly discussed topics are: (i) how the breathing 
hardware increased their awareness of breathing (see 5.3.3) and 
(ii) how comfortably and easily they could use the breathing 
hardware (see 5.3.4). 
 
Table 4. Consolidated findings table from the themes. 
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Chapter 6 : Future Work, Limitations and 
Conclusions 
 
 
6.0 Overview 
 
In 6.1, I summarise my research. In Section 6.2, I discuss the limitations of my research. 
Section 6.3 describes how future work can be done around my work and in 6.4, I present 
concluding remarks reflecting on my overall research.  
6.1 Thesis Summary 
 
Breathing exercises can help acquire proper breathing techniques, which is important 
for well-being. However, existing breathing exercise applications are often not very 
engaging; I see an opportunity to use game design to change this.  
 
In order to answer my research question: “How do we design immersive and engaging 
breathing exercise games?”, I created three prototype breathing exercise games to develop 
and study my final game Life Tree. I used a Research through Design approach to conduct 
my overall research. I used the formal analysis of gameplay to deduce the design primitives 
that participants liked about my initial prototype games. Further, I used these findings to 
design and develop Life Tree, my final game. After developing Life Tree, I conduct a study 
of the game with 32 participants who answered survey questions from the Game Experience 
Questionnaire and were interviewed after the game session.  
 
A thematic analysis of the data resulted in four key themes that affected the participants’ 
game experience. I found that breathing exercise games can be designed in an engaging 
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way. In order to help future game designers design such engaging experiences, I developed 
six breathing exercise game design strategies. Overall, participants liked playing Life Tree 
and thought it was a fascinating and novel experience. Further, 84.3% of the participants 
said that they felt alive and happier after playing the game. 
 
To summarise my literature review, I agree with researchers such as Tennent et al. and 
Marshall et al. and confirm that breathing as a control mechanism can be used to create 
engaging game experiences. Based on my preliminary results I also agree with researchers 
who designed interactive media applications such as The Journey to Wild Divine (Bell 
2003), ChillFish (Sonne & Jensen 2016), AirFlow (Qin et al. 2014) and DEEP (Van Rooij 
et al. 2016) that breathing can be used as a control mechanism to design games that help 
support the general well-being of players. As such, my research only adds to the existing 
work done by these researchers and I do not disagree with anything that they presented 
through their research. 
6.2 Limitations  
 
  My research contributes both to the theory and practice of game design through four 
themes affecting the experience of players and the six-breathing exercise game design 
strategies articulated from these themes. However, these design strategies have not yet been 
validated by external designers. One possible way in which I could validate these strategies 
is by partnering with companies such as Breathing Labs and 7 Cups and use these strategies 
to design breathing exercise games. 
 
I acknowledge that I have not studied yet if participants would like to use Life Tree 
repeatedly or if better breathing techniques led to their improved well-being. These 
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investigations can be fruitful avenues for future work. I could not do this because of the time 
I had and this limited the scope of my study and ultimately my findings. My findings could 
be the influence of the novelty effect of Life Tree, however, I still believe the findings are 
useful because they give designers the initial knowledge required to design breathing 
exercise games.   
 
Lastly, I acknowledge that the findings could have been more enriching if the study 
was conducted with a wider range of participants, perhaps with Yoga gurus and also from a 
multicultural perspective. This could have helped me enrich the findings by giving an 
insight into designing breathing exercises game for such audience in particular. However, I 
point out that 22 participants who took part in the study had previous experience with 
practicing breathing exercises. This presents a unique pool of participants which, to my 
knowledge, establishes the first time understanding of designing breathing exercise games 
for such a user group.  
6.3 Future Work 
 
My research has contributed to an understanding of designing breathing exercise 
games. It will act as a stepping stone to understand the design of breathing exercise games 
and has therefore created a space future research. 
 
Participants who played Life Tree suggested that it could be interesting if the design of 
breathing exercise games also supports the creation of personalised user generated 
experiences. As an example, this refers to the idea that participants suggested, i.e., being 
able to use their own content in place of breathing feedback such as with the leaves being 
blown towards the tree with something that they like. Therefore, in order to do this, future 
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researchers can explore the design of breathing exercise games by using technologies such 
as Augmented Reality (AR) and Mixed-Reality (MR). These technologies move beyond the 
virtual world by making use of the real world and are considered to support personalised 
experiences (Azuma 1997; Milgram & Kishino 1994; Ohta & Tamura 2014; Olsson et al. 
2009). 
 
Another possible avenue of research is to explore the notion of flow, i.e., altered sense 
of time while practicing breathing exercises. One such instance observed with Life Tree is 
the repetitive nature of the rhythmic breathing activity, which the players suggested made 
them feel that the two-and-a-half-minute game seemed to be more like a 20-30 second game, 
i.e., they experienced altered sense of time. Baijal and Srinivasan (2010) suggest the process 
of rhythmic brain activity is called “Neural Oscillation” and this creates an altered sense of 
time. Future researchers could look at the possible relationship between neural oscillation 
and the design of breathing exercises. 
 
Furthermore, designers who design mindfulness meditative applications may draw 
from my work in order to create interactive applications that involve the practice of 
breathing exercises to support mindfulness. In combination with my exploration, such 
research could help psychologists and psychiatrists and mindfulness meditation 
practitioners. Through the lens of my work, pulmonologists may look at treating lung 
disorders such as asthma, and psychiatrists or neurologists can look at treating health 
disorders such as ADHD.  
 
My research was not aimed at any specific breathing-related disorder and as such was 
aimed more generally at designing breathing exercise games. However, future researchers 
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might want to look at the design of breathing exercise games that aim to support the 
treatment of specific breathing-related disorders such as Attention Deficit Hyperactivity 
Disorder (ADHD), Chronic Obstructive Pulmonary Disease (COPD) and asthma. The 
strategies used to design breathing exercise games for these chronic conditions might differ 
based on the cause, symptoms and personalised treatment required for each of these 
breathing disorders. There is an urgent need to conduct future research on this topic as the 
World Health Organisation (WHO) (Kokic 2015) reported that 6% of the world’s annual 
deaths are caused by respiratory disorders such as COPD, with research suggesting that 
breathing exercises could help reduce those affected (Qin et al. 2014; Stafford et al. 2016). 
 
Furthermore, 235 million children are reportedly suffering from the breathing related 
disorder asthma (Kokic 2015). Studies suggest that children enjoy being trained in the 
practice of breathing exercises by using the interactive nature of games (Amon & Campbell 
2008; Krestina Amon 2008; Sonne & Jensen 2016). Future research could also look at 
designing breathing exercise games specifically for children suffering from, and support the 
treatment of asthma. As Napoli et al. (2005) say, “Children becoming mindful about their 
own breathing at a young age could help them lead a stress-free life in the future.” Hence, 
future work based around my research could help these children lead a stress-free life and 
possibly help in aiding the treatment of asthma in an engaging and interactive way. 
 
In order to positively affect the lives of millions of people at once, researchers can also 
make use emerging technology such as the Apple Watch that calculates the breathing rate 
by using a heart rate monitor. As such, my research could possibly affect the lives of more 
than one million current Apple watch users in a positive way (with the number estimated to 
go up to 31 million by 2020 (Smith 2015)). 
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6.4 Concluding Remarks 
 
Using my research, game designers can create breathing exercise games that are 
immersive and engaging. Pulmonologists can look at creative ways to support the treatment 
of breathing related problems such as asthma, Attention Deficit Hyperactivity Disorder 
(ADHD) and Chronic Obstructive Pulmonary Disease (COPD). My research can also be 
used by mindfulness meditation practitioners to support the practice of mindfulness. 
Furthermore, children love playing video games and according to the World Health 
Organisation (WHO), 235 million children suffer from asthma, a breathing related disorder. 
My research could help create engaging breathing exercise games and support the treatment 
of these 235 million children suffering from asthma. Overall, I believe that my research can 
provide useful insights into the initial exploration by designers who are interested in 
designing breathing exercise games.  
 
In conclusion, I would like to say that it is the right time for game designers to explore 
the design of breathing exercise games because breathing related disorders such as Chronic 
Obstructive Pulmonary Disorder (COPD) could rise to become the third most common 
illness in the world by 2020. Game designers could help save the lives of millions of 
individuals by designing engaging breathing exercise games using my research. 
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   Appendix A: Technical Specifications 
 
 
My initial prototypes and Life Tree were developed using the following: 
 
Software: 
 
• For Imaging: Photoshop 
• 3D Modelling: Maya 
• Game Development Platform: Unity 3D (Personal Version) 
• Programming Languages: C# and Java Script 
 
Code Specifications: 
  
• Software Architect: Rakesh Patibanda 
• Software Developers: Rakesh Patibanda (65%) and Manipal Singh (35%). 
• 3D Modelling: Artashastra Studios Private Limited (For the Life Tree Game) 
 
Code Specifications: 
 
• Vibration Feedback: This logic has been used for the feedback when players bend 
their head more than 45 degrees upwards or downwards. This indicates bad head 
position as it might bend the air tube that runs through the neck, interrupting airflow. 
This has been achieved by checking the rotation of the camera head in x-direction,  
 
if x >= 45 and x <= 90 
    BadBodyPosition = true; 
If x>=270 and x<=325 
 BadBodyPosition = true; 
 
If BadBodyPosition 
 Handheld.Vibrate (); 
 
Players are given vibration feedback once, and no more feedback until the player goes 
back to looking straight again or bends their head within the allowed limit. 
 II 
 
• Sitting down detection and feedback: This code snippet is written to check 
whether players have gotten down into the cross-legged position or not.  This is 
achieved by using the input acceleration in y direction.  
 
   If Input.acceleration.y <= -1.1f 
 
As the player starts to sit down in the cross-legged position, the Sitting 
down animation of the tree is played.  
 
• Blow into buttons to activate the action: An event trigger is used to check if the 
reticle, the replacement of mouse pointer that comes with the use of VR technology, 
is hovering any of the buttons on the menu. After the reticle hovers on a button, we 
check if the player has continuously exhaled for 3 seconds while keeping the reticle 
hovered on the button. If the corresponding action is triggered the menu opens up. 
 
• Inhale and exhale detection and feedback generation: Threshold for inhaling and 
exhale are set to 1, i.e. if loudness is less than 1 then it is considered as inhaling 
otherwise as an exhale. 
 
• Tree animation:  Whenever the players exhale, animation of the tree contracting is 
played until a maximum frame number, if players exhale for a lesser time then 
animation is played till that frame only. Let say the frame is f: 
 
f <= f (max) 
 
Now if the players start to inhale then the animation of the expansion of the tree is      
played till the minimum frame value.  
  
 f (min) <= f 
 
 III 
These animations are only played if no other animation is being played at that time (if 
the animation of the tree sitting down is played, then the animation of the tree expanding 
and contracting is disabled.)  
 
• Particle effects (With the Leaves): The particles of leaves slowly increase from 0 
to 200 and increase 10 per update cycle. The colour of the leaves changes to bluish-
green if the players breathing is in rhythm, else, the colour of the leaves changes 
back to green. The total number of particles increase if players exhale, and when 
players inhale then the total particles decreased by a 10. 
 
• Blurring on non-rhythmic breathing (with values): For blurring the view when 
players are not in rhythm, I first check the Rhythm of breathing. To check the 
rhythm of breathing, the following are used: 
 
o If the time difference between two consecutive exhales is less than 2 second 
and current exhale time is longer than 1 second than it is considered as 
rhythmic breathing. 
o If current exhale time is less than 0.5 seconds, then it is considered as non-
rhythmic breathing. 
o Another instance is, if the difference between two consecutive exhales is 
more than 3 seconds then it is considered as non-rhythmic breathing. 
o Blurring of the view starts if the players breathing is non-rhythmic, starting 
from value zero and is increased by a value of 0.03f in every update 
0 <= Blur Value <= 3 
 
Similarly, on rhythmic breathing, the Blur Value is decreased by 0.03f in 
every update. This is effective only 20 seconds after the game starts.  
 IV 
o Voice feedback (Breathing Rhythm) and fade out with time: The 
rhythmic breathing voice is played for first 45 seconds after the game starts. 
The background music score is enabled 30 seconds after the game starts. 
o Water filling logic: The water level around the tree is increased as the game 
progresses. To increase water level, the terrain is moved slowly in the y-
direction. A rigid body has been attached to the water terrain to which 
certain speed (depends on the total gameplay time) has been provided after 
the game starts.  
o Grayscale value of tree: The grayscale value of the tree increases slowly 
from 0 (black) to 1 (actual colour of the tree). The rate of increase depends 
on the rhythm of the players breathing.  
o Final particles when (what time does it start): The final leaf particle 
effects are enabled when during the last 20 seconds of the total gameplay 
time. 
o End-game music: Played at end of 2 minutes and 30 seconds. 
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Appendix B: Participant Consent Information 
 
  
INVITATION TO PARTICIPATE IN A RESEARCH PROJECT 
PARTICIPANT INFORMATION 
 
Project Title   
 
BreathSenses: Towards Understanding the Design of Breathing Games 
 
Investigators:  
 
• Rakesh Patibanda 
• Jonathan Duckworth 
• Florian ‘Floyd’ Mueller 
 
You are invited to participate in a research project being led by RMIT University. Please 
read the information from this sheet carefully and be confident that you understand its 
contents before deciding whether to participate. If you have any questions about the project, 
please do not hesitate to ask one of the investigators.  
 
Who is involved in this research project? Why is it being conducted? 
Rakesh Patibanda, as a part of his Master’s, conducts this research. Positive psychology has 
shown that pursed lip breathing is a useful breathing technique for individuals to 
overcome stress and anxiety. Game designs that incorporate breathing as a playful way to 
assist in relaxation have rarely been explored. I developed three mobile virtual reality games 
called, The Affinity Series. These games use a breathing game controller as the primary 
input device. Our aim is to gather, communicate and understand the game experiences 
resulting from utilizing breathing as the primary input to derive a breathing games design 
framework. Dr. Jonathan Duckworth is the primary supervisor and is the Director of the Ci-
ART Lab and, Dr. Florian Mueller is the associate supervisor and is the Director of the 
Exertion Games Lab at RMIT University. 
 
This research has been approved by RMIT Human Research Ethics Committee (No: 
CHEAN A 0000019663-09/15).  
 
Why have you been approached? 
You have been approached either because you signed up for our mailing list to be informed 
of opportunities to participate in the Ci-ART lab/Exertion Games Lab activities, or you 
heard about our project through word of mouth. We are aiming to recruit 32 participants in 
total. 
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What is the project about? What are the questions being addressed? 
This project explores challenges and opportunities for game designers to design breathing 
games. 
 
Breathing is a biological activity with some particularly interesting characteristics: It is both 
autonomic and in part explicitly and quickly controllable. Game designers are increasingly 
using breathing as a way to interact with systems and games. But, game designs 
that incorporate breathing as a playful way to assist in relaxation has rarely been explored. 
We see an opportunity to understand the design of breathing games. We intend to do this by 
using our games, The Affinity Series, as a research vehicle to answer our research question.  
 
How can breathing games be designed? 
Participants follow instructions given by me initially and then go on to play the game. The 
play session may happen with the involvement of more than one player. We need 32 
participants for our study. Each participant will play the game by using the equipment 
provided. For each play session, participants will play the games, followed by an interview 
to briefly discuss their game experiences. Overall, the gameplay session will take one hour 
of the player’s time to complete. 
 
If I agree to participate, what will I be required to do? 
If you agree to participate, you will play the games and interviewed afterward the game 
session. This will take one hour of your time.  
 
The game will consist of you wearing the following things: 
 
A mobile phone in a Virtual Reality headset connected to the breathing + device connected 
to your phone. This breathing + device allows you to breathe into it to interact with the 
breathing game. While playing, you might have to wear a GSR (Galvanic Skin Response) 
device so that we monitor your heart rate. 
 
You are free to decide whether and how much you engage with the game. You can also stop, 
or take a break, at any time. We are not expecting or encouraging you to engage outside of 
your comfort level; rather we are trying to understand the qualities of interaction and 
engagement with the experience of playing the game. 
 
A digital camera will record video and audio of you while playing the game and being 
interviewed afterwards. A digital camera is because I want to observe your expressions 
while you are playing the game. 
 
I will interview you about your experience after the gameplay session of affinity to discover 
the features of the game that were most interesting to you, and what parts of the game 
engaged you emotionally or challenge you during the game. I will video and audio-record 
our interview as well. 
 
What are the possible risks or disadvantages?  
If you decide not to participate, this will in no way affect your relationship with RMIT 
University, your grades or treatment, or your relationship with any of the researchers. 
Participating during the playtest and interview is purely voluntary. If you feel uncomfortable 
at any point while playing or being interviewed, you are encouraged to take a break or 
withdraw from the study. 
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What are the benefits associated with participation?  
You will assist researchers to understand the design of breathing games. This will assist in 
the development of the breathing games design framework. 
 
 
What will happen to the information I provide?  
The information you provide will help us write academic papers and make presentations 
about this research. We will not disclose your personal information, but your face may be 
visible or your voice audible in still images, audio and/or video documentation respectively. 
You may, therefore, be able to be de-identified. 
 
Any personal information that you provide can be disclosed only if (1) it is to protect you 
or others from harm, (2) a court order is produced, or (3) you provide the researchers with 
written permission. 
 
Research data will remain strictly confidential, only seen by the researchers and de-
identified in any research output or publication. Results may be published and disseminated 
in publicly accessible online libraries of research papers as part of a thesis in the RMIT 
Repository, and in peer-reviewed academic conferences and journal publications appearing 
on websites such as the ACM Digital Library. 
 
The research data will be kept securely at RMIT in a locked filling cabinet for a period of 5 
years after publication, before being destroyed. In addition, electronic data will be kept on 
password-protected hard drives.  
 
What are my rights as a participant?  
You have the right to withdraw from participation at any time.  
You have the right to have any unprocessed data withdrawn and destroyed, provided it can 
be reliably identified, and provided that doing so does not increase the risk to you.  
You have the right to have any questions answered at any time.  
 
Whom should I contact if I have any questions?  
You may contact any of the researchers if you have questions. 
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Appendix C: Participant Recruitment Poster 
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Appendix D: Questions Asked During Interview 
 
 
 
• How was it?  
 
• From the perspective of well-being, what kind of emotions from did you go through 
while playing the game? 
 
• Do you now know that you can breathe differently after playing the game? 
 
• Will you breathe like this under any circumstances of your life from now on?  
 
• Were you able to experience or feel your breath while playing the game?  
 
• Did you notice any changes happening in the game while practicing the breathing 
exercise? 
 
• Would you like to play this game again?  
 
• What was the best, what was the worst bit? 
 
• If you had to change one thing about the game, what would that be?  
 
• If you had to keep one thing in the game what would that be? 
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   Appendix E: Game Experience Questionnaire 
 
 
The following questions have been answered by participants after playing Life Tree: 
The answers 1 to 7 range from Strongly Disagree to Strongly Agree. 
 
Q1 - I felt content 1 2 3 4 5 6 7 
Q2 - I felt skilful 1 2 3 4 5 6 7 
Q3 - I was interested in the game's story 1 2 3 4 5 6 7 
Q4 - I thought it was fun 1 2 3 4 5 6 7 
Q5 - I was fully occupied with the game 1 2 3 4 5 6 7 
Q6 - I felt happy 1 2 3 4 5 6 7 
Q7 - It gave me a bad mood 1 2 3 4 5 6 7 
Q8 - I thought about other things 1 2 3 4 5 6 7 
Q9 - I found it tiresome 1 2 3 4 5 6 7 
Q10 - I felt competent 1 2 3 4 5 6 7 
Q11 - I thought it was hard 1 2 3 4 5 6 7 
Q12 - It was aesthetically pleasing 1 2 3 4 5 6 7 
Q13 - I forgot everything around me 1 2 3 4 5 6 7 
Q14 - I felt good 1 2 3 4 5 6 7 
Q15 - I was good at it 1 2 3 4 5 6 7 
Q16 - I felt bored 1 2 3 4 5 6 7 
Q17 - I felt successful 1 2 3 4 5 6 7 
Q18 - I felt imaginative 1 2 3 4 5 6 7 
Q19 - I felt that I could explore things 1 2 3 4 5 6 7 
Q20 - I enjoyed it 1 2 3 4 5 6 7 
Q21 - I was fast at reaching the game's 
targets 1 2 3 4 5 6 7 
Q22 - I felt annoyed 1 2 3 4 5 6 7 
Q23 - I felt pressured 1 2 3 4 5 6 7 
Q24 - I felt irritable 1 2 3 4 5 6 7 
Q25 - I lost track of time 1 2 3 4 5 6 7 
Q26 - I felt challenged 1 2 3 4 5 6 7 
Q27 - I found it impressive 1 2 3 4 5 6 7 
Q28 - I was deeply concentrated in the 
game 1 2 3 4 5 6 7 
Q29 - I felt frustrated 1 2 3 4 5 6 7 
Q30 - It felt like a rich experience 1 2 3 4 5 6 7 
Q31 - I lost connection with the outside 
world 1 2 3 4 5 6 7 
Q32 - I felt time pressure 1 2 3 4 5 6 7 
Q33 - I had to put a lot of effort into it 1 2 3 4 5 6 7 
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Appendix F: Results of the Game Experience Questionnaire 
 
 
These are the results obtained from the GEQ along with their respective standard deviation 
(SD): 
 
 Result 
Standard 
Deviation (SD) 
Q1 - I felt content 5.53 0.73 
Q2 - I felt skilful 4.4 0.53 
Q3 - I was interested in the game's story 5.28 0.82 
Q4 - I thought it was fun 5.34 0.82 
Q5 - I was fully occupied with the game 6.18 1.18 
Q6 - I felt happy 5.28 0.66 
Q7 - It gave me a bad mood 1.9 0.31 
Q8 - I thought about other things 2.75 0.23 
Q9 - I found it tiresome 3.09 0.24 
Q10 - I felt competent 4.03 0.45 
Q11 - I thought it was hard 4 0.57 
Q12 - It was aesthetically pleasing 5.56 0.81 
Q13 - I forgot everything around me 5.75 0.98 
Q14 - I felt good 5.43 0.9 
Q15 - I was good at it 3.65 0.42 
Q16 - I felt bored 2.46 0.28 
Q17 - I felt successful 3.71 0.48 
Q18 - I felt imaginative 4.87 0.64 
Q19 - I felt that I could explore things 4.68 0.71 
Q20 - I enjoyed it 5.68 1.07 
Q21 - I was fast at reaching the game's 
targets 3.65 0.47 
Q22 - I felt annoyed 2.46 0.32 
Q23 - I felt pressured 3.34 0.3 
Q24 - I felt irritable 2.28 0.25 
Q25 - I lost track of time 4.78 0.43 
Q26 - I felt challenged 4.81 0.54 
Q27 - I found it impressive 5.59 0.89 
Q28 - I was deeply concentrated in the 
game 5.84 1.03 
Q29 - I felt frustrated 2.53 0.37 
Q30 - It felt like a rich experience 5 0.68 
Q31 - I lost connection with the outside 
world 5.5 0.82 
Q32 - I felt time pressure 2.6 0.21 
Q33 - I had to put a lot of effort into it 4.53 0.54 
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   Appendix G: Links to the Data Analysis Sheets 
 
 
• This is the link to the game experience questionnaire sheet along with all the 
calculations: https://goo.gl/eUXnLE 
 
• This is the link to the sheet where thematic analysis of the interview data has been done 
to identify category codes: https://goo.gl/BTYR4n 
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